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BACKGROUND

Historically, agricultural activities have been the focus of
investigations into pesticide impacts on water bodies. In recent
years, however, pesticide use in urban areas is increasingly
being examined as a potential source of aquatic pollutants.
Although applications of pesticides in urban areas are typically
on a small scale, the wide variety of chemicals used and the
frequency of applications can result in a substantial amount of
pesticides used. Urban-use pesticides can move off application
sites and enter storm drains which route surface runoffs into
urban creeks. These pesticides can also end up in urban sewage
which then travels to wastewater treatment plants.

Although conventional wastewater treatment techniques employed by
Publicly Owned Treatment Works (POTWs) may remove certain
pesticides with high efficiency, others may not be sufficiently
removed. Thus, these pesticides can be present in the treated
effluent and eventually be released into a receiving water body.
Under the California Porter Cologne Act, the Regional Water
Quality Control Boards (RWQCBs) regulate the quality of treated
effluent by issuing wastewater discharge permits to POTWs. These
permits prohibit toxic substances in the treated effluent at
concentrations that may cause harm to aquatic species.

In 1986, the San Francisco Bay RWQCB asked the Central Contra
Costa Sanitary District (CCCSD) in Martinez, California, to
initiate an Effluent Toxicity Characterization Program. The aim
of this program was to help characterize the toxicity of CCCSD's
treated effluent on selected aquatic test species. Twelve of the
18 tests performed under this program revealed that the treated
effluent was acutely toxic to the water flea, Ceriodaphnia dubia.
The RWQCB then requested that CCCSD perform toxicity
identification evaluation (TIE) studies to determine the cause of
the toxicity. The TIE studies suggested that two organophosphate
insecticides, diazinon and chlorpyrifos, were responsible for the
toxicity in CCCSD's effluent. Diazinon and chlorpyrifos are
commonly found in consumer and commercial products marketed for
urban uses. These uses are generally related to lawn/garden



care, indoor pest control, and pet care products.

PURPOSE

This study was jointly conducted by CCCSD and the Department of
Pesticide Regulation to: 1) characterize the mean daily diazinon
and chlorpyrifos concentrations and flow in the sewage of
residential areas, selected commercial sites, and CCCSD treatment
plant influent; 2) determine the relative importance of
residential and commercial sources to the total influent load;
and 3) compare the mean daily concentration and mass of CCCSD's
influent to those of two other POTWs.

STUDY METHODS

Source sampling efforts were focused on the residential sector
(single-family and multi-family residences) which contributes
about 82% to CCCSD's influent load, and the commercial sector
which contributes about 6%. Five residential areas were sampled
daily in conjunction with daily sampling of CCCSD's influent for
a one-week period. The areas contained as few as 829 and as many
as 2,079 residences. Residential sampling occurred July 9-15,
1996.

Twelve commercial sites in the CCCSD service area (consisting of
pet groomers, kennels, and pest control businesses) were also
sampled. These three business types were selected because
reconnaisance sampling by CCCSD had shown notable amounts of
diazinon and/or chlorpyrifos in their effluent. Although sewage
from other business types such as nurseries, restaurants, waste
management facilities, and industrial facilities may also contain
varying amounts of the two active ingredients, limited resources
excluded their investigation. Unannounced sampling of selected
commercial sources was done from July 18 through September 8,
1996.

The CCCSD influent samples were taken on a semi-weekly basis from
June 22 through September 10; daily sampling occurred during July
9-16, August 4-11, and August 31 through September 7, 1996. For
one week of the study, influent samples were collected from two
other treatment plants in an effort to compare diazinon and
chlorpyrifos concentrations among the POTWs: Union Sanitary
District (USD) in Alameda County, and the Palo Alto Regional
Water Quality Control Plant (RWQCP) in Santa Clara County.
Simultaneous daily sampling of the USD and RWQCP occurred from
August 5-11, in conjunction with the daily sampling of CCCSD.

The general sampling period was chosen so that warmer months



would be included. Insect problems and subsequent urban
organophosphate use were expected to be greater during this
period. Sewage samples were collected using programmed automatic
samplers. For residential and commercial sampling, automatic
samplers were suspended underneath manhole covers during
operating periods and filled with blue-ice packs. Influent
samplers were refrigerated units that were housed at the point of
sewage entry into the treatment plants. All of the samples
analyzed were flow-proportionally cornposited samples.

Representative flow data for residential, commercial, and
influent sampling sites were also collected to allow the
estimation of mass loads. Residential and CCCSD influent flow
data were generated by CCCSD's flow modeling program known as the
Sewer Network Analysis Program (SNAP). Commercial, USD influent,
and RWQCP influent flow data were collected using inline
flowmeters.

RESULTS

Influent Samplinq:

Diazinon and chlorpyrifos were detected (reporting limit = 50
parts per trillion or rig/L)) in all 37 of CCCSD's wastewater
influent samples during the sampling period. The mean
concentrations (calculated as the Uniformly Minimum Variance
Unbiased estimator) of influent diazinon and chlorpyrifos were
310 ppt (parts per trillion) and 190 ppt, respectively. Influent
diazinon concentrations ranged from 103 to 940 ppt. There are no
diazinon and chlorpyrifos compliance criteria for treatment plant
influent and other raw sewage concentrations. The treatment
plant effluent; however, has to meet the "no toxicity" criteria
enforced by the RWQCB.

Residential Samplinq:

Residential sampling for diazinon and chlorpyrifos from five
neighborhoods over a seven-day period (July 9-15, 1996) yielded
35 samples. The mean daily diazinon concentrations for each
neighborhood were 740, 420, 120, 110, and 340 ppt. For
chlorpyrifos, the mean daily concentrations for the same
neighborhoods were 550, 110, 80, 110, and 180 ppt. Residential
area diazinon concentrations ranged from none-detected to 4,300
PPt. Residential area chlorpyrifos concentrations ranged from
none-detected to 1,200 ppt. The CCCSD service area's total daily
residential mass loads for diazinon and chlorpyrifos were
projected from sampling results to be approximately 42 g and 24
g, respectively.



Commercial Samplinq:

Sampling of selected commercial businesses within the CCCSD
occurred from July 18 through September 8, 1996. Of the 12 sites
monitored, both diazinon and chlorpyrifos were found at seven
sites. At two sites, only diazinon was detected. At two other
sites, only chlorpyrifos was detected. Neither active
ingredients were detected at the remaining commercial site.
Daily concentrations of diazinon and chlorpyrifos were also
variable. The highest level of diazinon (20,000 ppt) was found
in the sewage from a kennel. The highest chlorpyrifos level
(38,000 ppt) was found in the sewage from a pet groomer.
Diazinon was detected on 17 out of the 32 days sampled.
Chlorpyrifos was detected on 23 out of the 32 days sampled.
CCCSD service area's total pet groomers, kennels, and pest
control operators daily mass loads for diazinon and chlorpyrifos
were projected from sampling results to be approximately 2.2 g
and 2.3 g, respectively.

Concurrent POTW Sampling:

Concurrent sampling of the CCCSD, USD, and the RWQCP showed that
the mean daily influent diazinon concentrations for the three
POTWs were 300, 230, and 150 ppt, respectively. For
chlorpyrifos, the mean daily influent concentrations were 190,
230, and 110 ppt, in the same order. Influent diazinon
concentrations for CCCSD, USD, and RWQCP ranged from 130 to 750
PPt, 91 to 530 ppt, and 66 to 240 ppt, respectively. Influent
chlorpyrifos concentrations ranged from 140 to 230 ppt, 130 to
330 ppt, and none-detected to 150 ppt, in the same order. The
only statistically significant finding among the POTWs was that
the median influent chlorpyrifos concentration at RWQCP was less
than those of CCCSD and USD.

CONCLUSIONS

Mass balance estimates revealed that residential sewage
contributed the majority of the diazinon and chlorpyrifos to
CCCSD's influent. Although much higher concentrations were
occasionally seen in the sewage of selected commercial sources,
the larger residential area flows translated to a greater
residential contribution. Therefore, a source reduction strategy
that focuses on reducing diazinon and chlorpyrifos loads from
residential sources would be the most effective strategy. If
such a source reduction program can successfully increase the
pollution prevention awareness of service area residents, input
from commercial and unknown sources may also decrease. The
reduction of diazinon and chlorpyrifos influent loads will likely
result in increased compliance with waste discharge permits.



ABSTRACT

This joint Department of Pesticide Regulation/Central Contra Costa Sanitary District (CCCSD)
study characterized the mean daily diazinon and chlorpyrifos concentrations and flow of sewage
from residential areas, selected commercial businesses, and CCCSD treatment plant influent.
CCCSD influent was sampled semi-weekly for a 12-week period from 6/22-g/10/96. Sampling
increased to daily during the periods of 7/g-7/16, 8/4-8/l 1,8/3 l-9/7. Diazinon and chlorpyrifos
were detected in all 37 influent samples taken at CCCSD. Influent samples from two other
Publicly-Owned Treatment Works in Alameda County and in Santa Clara County collected from
8/5-8/l 1 showed that diazinon and chlorpyrifos were both detectable in 13 of 14 samples. The
mean daily influent concentrations of diazinon and chlorpyrifos (as estimated by the uniformly
minimum variance unbiased estimator) at CCCSD were 3 10 and 190 rig/L,, respectively. Five
residential areas in the CCCSD service area were sampled daily from 7/g-7/15. The mean daily
diazinon concentrations for the five residential areas were 740,420, 120, 110, and 340 rig/L..  The
mean daily chlorpyrifos concentrations for the same areas were 550, 110,80, 110, and 180 rig/L..
Twelve selected commercial sites in the CCCSD service area (which included pet groomers,
kennels, and pest control operators) were sampled individually throughout the period of 7/18-g/8.
Diazinon and chlorpyrifos concentrations in commercial sewage were quite variable from one
site to another. Samples with the highest diazinon and chlorpyrifos concentrations in this study
(20,000 and 38,000 rig/L, respectively) were from commercial sources. Estimates of the percent
contributions from residential and selected commercial mass loads to the CCCSD influent
showed that residential sewage represented the majority of diazinon and chlorpyrifos source in
the CCCSD collection system. Although much higher concentrations were occasionally found in
the sewage of selected commercial sources, the larger residential area flows resulted in a greater
residential contribution.
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INTRODUCTION

In the recent past, the transport potential of pesticides from urban areas into aquatic ecosystems has

been gaining recognition.  Although individual applications of pesticides in urban areas are typically

on a small scale, the wide variety of chemicals used and the frequency of applications made overall

can make an urban area a notable source of pesticide contaminants (Kroll and Murphy, 1994;

Immerman and Drummond, 1985).

Urban-use pesticides can move off application sites and enter storm drains which route surface

runoffs into urban creeks (Schueler, 1995).  In California, urban storm runoff is regulated by the

State Water Resources Control Board (SWRCB) and the nine Regional Water Quality Control

Boards (RWQCBs) through the issuance and enforcement of storm water discharge permits.

Urban-use pesticides can also end up in wastewater which makes its way via sewer lines to

wastewater treatment plants.  Thus, Publicly Owned Treatment Works (POTWs) are increasingly

being scrutinized as another potentially significant contributor of these pesticides (Norberg-King et

al., 1989; Ciba-Geigy, 1996).  Single species toxicity testing (SSTT) and subsequent toxicity

identification evaluation (TIE) of treated effluents of many POTWs have suggested that toxicity to

test organisms such as Ceriodaphnia is associated with pesticides.  Although conventional treatment

techniques employed by POTWs may remove certain pesticides from wastewater with high

efficiency, some may not be sufficiently removed.  Thus, these pesticides can be present in the treated

effluent and eventually be released into a receiving water body.  

Under the Porter-Cologne Act, the RWQCBs issue wastewater discharge permits to POTWs.  The

permits prohibit toxic substances to be present in the treated effluent at concentrations that may

potentially cause harm to aquatic species.  As part of their waste discharge permit, POTWs can be

required to initiate an Effluent Toxicity Characterization Program to characterize the toxicity of their

treated effluent on selected aquatic test species.  In 1986, the San Francisco Bay Regional Water

Quality Control Board made such a request to the Central Contra Costa Sanitary District (CCCSD),

a POTW located in Martinez, California.  Results from the program revealed that 12 of the 18 test
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events produced acute toxicity to Ceriodaphnia dubia (AQUA-Science, 1992).   The Regional

Board then requested that CCCSD perform TIE studies to determine the specific cause(s) of the

toxicity.  TIE studies revealed that diazinon and chlorpyrifos, two organophosphate insecticides,

were the contaminants most likely to be causing toxicity in CCCSD’s treated effluent (AQUA-

Science, 1993).  Consequently, CCCSD has been investigating sources of diazinon and chlorpyrifos

in addition to providing educational outreach to its service area’s population in hope of reducing

pesticide discharges into the sewers.

Diazinon and chlorpyrifos are commonly found in consumer and commercial products marketed for

urban uses.  Such uses are generally related to lawn/garden care, indoor pest control and pet care

products.  Urban uses of these products can result in the introduction of these organophosphates into

sewage.  Samples previously taken from the CCCSD sewer system showed that diazinon and

chlorpyrifos were present in wastewater from residences, commercial pesticide applicators, pet

grooming businesses, and kennels (AQUA-Science, 1995). 

In 1996, DPR and CCCSD jointly participated in a monitoring study focussing on the various

sources of diazinon and chlorpyrifos in the CCCSD sewage collection system (Sanders, 1996).  The

objectives of this study were to 1) characterize the average daily concentrations and mass of diazinon

and chlorpyrifos in sewage of residential areas, selected commercial businesses, and CCCSD

treatment plant influent;  2) estimate the mass contributions of residential and selected commercial

sources to the CCCSD influent; and  3) compare the average daily concentrations and mass of

CCCSD’s influent to those of two other nearby POTWs.  Results will be used to help develop a

feasible source control strategy for diazinon and chlorpyrifos in the CCCSD service area.

MATERIALS AND METHODS

Study Area

Figure 1 shows the general location of the three POTWs involved in this study.  The primary study

area was the service area of CCCSD’s sewage collection system (Figure 2).  The service area covers 
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Figure 1: The Locations of Participating POTWs in the San Francisco Bay Area.

Figure 2: The Central Contra Costa Sanitary District (CCCSD) Service Area.  Residential

sampling areas are also shown.
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a large portion of Contra Costa County serving nearly 400,000 residents in 10 cities (including

Concord and Walnut Creek) and two unincorporated towns.  The CCCSD treatment facility is

located in Martinez adjacent to Suisun Bay where the facility’s treated effluent is released.  

For one week of the study, influent samples were also collected from two other area treatment

plants: Union Sanitary District (USD) in Alameda County and the Palo Alto Regional Water Quality

Control Plant (RWQCP) in Santa Clara County.  USD serves approximately 286,000 residents in the

cities of Fremont, Newark, and Union City.  RWQCP serves 200,000 residents in the cities of East

Palo Alto, Los Altos, Los Altos Hills, Mountain View, Palo Alto, and Stanford University.

Sampling Overview

CCCSD’s treatment plant influent was sampled to determine the average daily concentrations of

diazinon and chlorpyrifos.  Selected residential areas and commercial sites in the CCCSD collection

system were also sampled for the two pesticides.  Flow data associated with these monitoring points

enabled the daily mass loads to be determined.  The residential and commercial mass values were

then used to project the total service area’s residential and commercial mass contribution to the

treatment plant influent.  

The influent at USD and RWQCP were sampled concurrently with CCCSD’s influent for one week

to compare diazinon and chlorpyrifos concentrations among the three POTWs.  Influent flow data

from each POTW were used to estimate the mass of the two active ingredients entering the treatment

plants.  

Sampling Strategy and Schedule

Within the CCCSD service area, many source classifications contribute to the treatment plant

influent.  Table 1 shows the flow contributions of various sources to the CCCSD influent.  The

residential portion (single family and multi family residences) accounts for about 82% of the influent

flow.  The next largest source is that of the commercial sector which comprises about 6% of the
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influent flow.  Six other sources make up the remaining 12% of the influent.  To keep monitoring

efforts manageable, sample collection was concentrated on selected residential and commercial

sources in addition to the plant influent.  DPR/CCCSD attempted to locate sampling points that best

isolated the target source.  However, samples taken from targeted residential areas or commercial

sites may have contained small amounts of sewage from non-target sources (e.g. offices, shops,

churches). 

Table 1:  Flow Contributions of Various CCCSD Sources to the Influent (data from CCCSD).

Source Classification July 1996 Flow Estimates (gal/day)

Single Family Residences (SFR) 23,100,000

Multi-Family Residences (MFR) 8,500,000

Commercial 2,300,000

Industrial 1,700,000

Office 1,100,000

Point Source 1,000,000

Schools 600,000

Churches 100,000

Total 38,400,000
A point source is an industrial/commercial establishment with a high use of water per acre 
occupied.

Residential areas were selected based on the following criteria:  1) no commercial or industrial

dischargers were in the area, 2) the presence of sampling sites that were accessible, 3) sites allowed

for accurate flow metering, 4) they provided a representative socio-economic cross-section of the

community, and 5) demographic data of the areas were available from a CCCSD residential metal

study (Larry Walker & Associates, 1993).  Collectively, R01-R05 comprise nearly 5% of the service

area’s residential flow.  Information on the selected areas are listed in Table 2.  
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Table 2:  Residential Sampling Areas (data provided by CCCSD).

Area #  Sampling point General Location Residences

per Area

Acreage per

Area

Density

(residences/acre)

R01 2nd Ave. South Martinez/Pacheco 2,079 684 3.0

R02 Turtle Rock Lane Concord 1,593 313 5.1

R03 Acalanes Road Lafayette 829 773 1.1

R04 Miner Road Orinda 858 1,285 0.7

R05 Greenbrook Court Danville 991 345 2.9

Twelve commercial sites in the CCCSD service area were selected for sampling.  For confidentiality,

the names of target businesses will be omitted from this report.  Instead, they will be simply referred

to as sites C06-C17.  In this study, commercial sites were generally classified into three groups:  pet

groomers (C06-C10), kennels(C11-C12), and pest control operators (C13-C17).  Detections of

diazinon and chlorpyrifos in past CCCSD source surveys justified the selection of these three groups

(AQUA-Science, 1995).  Specific commercial sites were chosen on the basis that 1) no other

potential sources or users of pesticides were located upstream from the site, 2) sites were accessible

and allowed for accurate flow measurement, 3) sites represented a variety of geographic cross-

sections of the CCCSD service area, and 4) these locations were adequately safe for the sampling

crew.

The sampling period was selected so that warmer months would be included (Table 3).  Insecticidal

activities and subsequent urban organophosphate use were expected to be high during this period. 

Efforts to concurrently take comparative samples for mass loading purposes were made such as the

first phase of residential sampling (week 4) and POTW sampling (week 8).  The frequency of

CCCSD influent sampling increased to daily during these weeks.  Commercial sampling was

scheduled in between more intensive sampling periods to fit sampling crew availability and alleviate

laboratory load. 
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Table 3: Weekly Sampling Schedule by Sample Types

Sample Type Week 1

6/19-23

Week 2

6/24-30

Week 3

7/1-7

Week 4

7/8-16

Week 5

7/17-21

Week 6

7/22-28

Week 7

7/29-8/4

Week 8

8/5-12

Week 9

8/13-18

Week 10

8/19-25

Week 11

8/26-9/1

Week 12

9/2-8

Week 13

9/9-11

Total

CCCSD Influent1 2* 2 1 7 2* 2* 2 7* 2 1 2 7 1 38

Union San Influent 7 7

Palo Alto Influent2 14 14

Residential (5 sites)3 1* 35 8 44

Commercial (12 sites)4 2* 3 5 6 2 4 4 3 3 1 33

Field Blanks 1* 5 1* 2 2 5* 3 2 2 1 24

Equipment Blanks 1* 1 1 2* 1 1 1 8

Blind Spikes5 2 2 2 2 8

Total 7 2 2 48 6 11 13 37 18 9 8 11 2 176

1 = Two influent samples were collected each week, normally on Sunday and Wednesday.  During weeks 4, 8 and 12, daily samples were taken for 7 days.  All

influent samples after week one were 24-hr. composites.
2 = Two samples per day, 14 total, instead of seven are necessary at the Palo Alto plant because the pesticide contribution of the plant’s recycled water needed to

be distinguished from the influent contribution.
3 = Residential samples from week 1 were grab samples for split sample comparison. Week 4 of residential sampling consisted of simultaneous 24-hr. composites

at five sites.  Week 9 is comprised of 3-hr. composites for a 24 hr. period at one site.
4 = Commercial samples from week 1 were grab samples (kennel) for a split sample comparison.  The remaining commercial samples were 24-hr. composites. 

One to three composite samples were taken from each commercial site.
5 = Blind spikes were prepared by a DPR-approved laboratory and sent to APPL for analysis as an additional laboratory QC measure.

* = Split sample comparison: GC/NPD by APPL, GC/MS by CCCSD, Ciba-Geigy and Dow-Elanco, and ELISA by AQUA-Science (see Appendix E).
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Although the schedule was initially developed to make optimum use of available resources,

occasional samples were lost due to obstruction of suction tubes, insufficient volume of sample

drawn, or errors in programming of the autosampler.  For example, several commercial sites did not

produce the scheduled three daily samples because of autosampler failure.  If possible, sampling was

rescheduled. 

Sampling and Flow Measurement Methods

CCCSD Influent - CCCSD Influent samples were taken from the sewage entry point immediately

after the debris screens.  A Sigma® model 900 refrigerated-autosampler connected to the plant’s

influent flowmeter was programmed to take flow-proportioned samples.  Thus, for a predetermined

volume that entered the plant (based on historical daily flow), the autosampler collected a fixed

volume in response.  The influent subsamples were pumped into a 9.5-L glass jar housed in the

autosampler unit that maintains a temperature of 3EC.  At the end of the 24-hour sampling period,

the composite jar was capped and taken to CCCSD’s on-site field operations facility (Bay 11) where

the sample was processed.  Field personnel swirled the sample for 30 seconds.  Approximately 500

ml of the sample were decanted through a clean glass funnel into a 1-liter amber glass bottle. 

Swirling resumed for another 10 seconds after which another 500 ml were decanted into the bottle. 

The finished sample was sealed with a Teflon®-lined cap and refrigerated until it was packaged for

shipping. 

All 1-L amber glass sample bottles, caps, and external Tygon® tubing for the autosamplers were new

and were used for a single event or site.  All other equipment and glassware were washed using

Alconox® soap and water with a deionized water rinse between uses.

Semi-weekly sampling (Sunday and Wednesday morning retrievals) of the CCCSD influent was

conducted for a 12-week period.  In addition, daily sampling occurred during July 10-16, August 5-

11 and September 1-7, 1996.

CCCSD Residential Areas - In the first phase of residential sampling, seven daily samples were
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taken concurrently from the five residential areas.  Sewage subsamples were drawn using ISCO® 

2700, 2900 and 3700 autosamplers stocked with 24 (350 ml), 12 (375 ml), and 12 (375 ml) glass

bottles, respectively.  The ISCO® 2700 collected 85 ml-subsamples every 15 minutes.  The ISCO®

2900 and 3700 autosamplers collected 90 ml-subsamples every 30 minutes.  Field crew suspended

the battery-operated autosampler unit from the lip of the manhole underneath the manhole cover. 

Sewage samples were drawn from the waste stream by the autosampler through a Tygon®-suction

tube equipped with a debris guard. 

During sample retrieval, the autosampler was raised out of the manhole with a motorized winch. 

Field crew checked and cleaned the intake tube and debris guard of obstructions.  The sample bottles

were removed, capped, and placed in coolers with wet ice for transport.  The autosampler was

restocked with clean bottles and frozen blue ice.  Finally, field personnel reprogrammed the

autosampler and placed the unit back in the suspended position for the next sampling period.  The

subsamples were taken to CCCSD’s Bay 11 where they manually flow-composited into a 1-L amber

glass bottle with a Teflon®-lined cap.  The resulting composite samples were then refrigerated prior

to shipment to the laboratory.  The first phase of residential sampling occurred from July 9-15, 1996. 

Hourly flow data used for the flow-proportioned compositing for each site were compiled for a

weekday and a weekend 24-hour period prior to sampling by CCCSD personnel.  Flow data were

obtained using the Montedoro-Whitney® flowmeter (with a Q-Logger and Sonic Star depth/velocity

probe).  Manual compositing of the sewage subsamples was achieved by determining the ratio of the

hourly flow to the total daily flow at each site.  For example, if 20% of the day’s flow at R05

occurred between 7 a.m. and 8 a.m., then 200 ml from the bottle(s) which sampled that period would

be composited into the 1-L amber bottle.  Subsamples for compositing were shaken for 30 seconds

and poured through a glass funnel into the bottle.  The flow at each residential site was monitored for

one day during the sampling week to assure accuracy to the previous flow characterization data.

Flow measurement checks indicated that the hourly flow proportions remained fairly constant,
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however, total daily flow volumes varied from previous measurements at several sites.  These

discrepancies suggested that the flowmeter used may not have been operating properly.  Since

erroneous flow values would have affected subsequent mass load calculations, alternate residential

flow estimates were obtained from the CCCSD’s Sewer Network Analysis Program (SNAP).

The SNAP modeling program uses data on various land use-types (i.e. schools, SFR and MFR),

infiltration, and influent flow to determine an area’s flow volume.  CCCSD has determined that

SNAP estimates conform with historic flow monitoring results obtained from the field (Lai, 1996). 

Since SNAP estimates were used for residential areas, the use of SNAP estimates for the treatment

plant influent would keep the flow terms consistent on both sides of the mass balance equation.  A

comparison of the SNAP influent flow estimates to the flowmeter measurements during the

residential sampling period showed only a one percent difference in volume.

The second phase of residential sampling was intended to give a concentration profile of diazinon

and chlorpyrifos at a residential neighborhood in a one-day period.  R02 was selected for second

phase monitoring based on having had the most detections of diazinon and chlorpyrifos for the week

of phase one monitoring as well as for logistical and safety considerations.  Field personnel collected

samples using an ISCO® 2700 with a 24-bottle configuration and 15-minute sample pacing.  After

retrieval, three one-hour subsamples were composited together resulting in 8 composite samples. 

Each one-hour subsample was shaken for 30 seconds.  333 ml of each subsample were measured in a

graduated cylinder and decanted through a glass funnel into a labeled 1-L amber bottle and capped. 

Flow-proportioned compositing was not necessary because concentration results were not intended

to produce mass values.  The second phase was conducted from August 13-14, 1996.

CCCSD Commercial Sites - ISCO® 2900 autosamplers were used to monitor the commercial sites. 

The setup of the autosampler was similar to that of  residential monitoring.  However, an ISCO®

Flow Poke (with a model 4230 bubbler meter) was connected to the autosampler, enabling collection

of a real-time flow-proportioned composite sample.  Samples were collected directly into a single

9.5-L composite glass jar.  The flowmeter is designed to accurately measure flow in low-flow
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conditions.  Only one ISCO® Flow Poke meter was available; therefore the commercial sites had to

be sampled sequentially.  Commercial samples were processed in Bay 11 in the same manner as the

influent samples. 

Commercial site sampling was conducted from July 18 through September 8, 1996.  The day of the

week during which a particular commercial site was sampled depends on its expected peak business

period.  Pet groomers and kennels were monitored Friday through Sunday.  Pest control operators

(PCOs) were monitored on weekdays.  

USD and RWQCP Influents  - The influents of CCCSD, USD, and RWQCP were sampled

concurrently to compare influent concentrations and mass loads.  USD and RWQCP were equipped

similarly to CCCSD with Sigma® model 900 refrigerated-autosamplers programmed to take flow-

proportioned, composite samples.  RWQCP recycles water used in the treatment process (e.g. water

used to clean incinerator stack filters) back into the waste stream prior to the influent autosampler. 

Thus, this input had to be accounted for since it has a potential to contaminate the influent sample. 

The use of another Sigma® refrigerated-autosampler on the recycle stream allowed the recovery

water to be sampled for diazinon and chlorpyrifos.  Flowmeters at the influent provided the flow

measurements for all three POTWs.

Simultaneous daily sampling of CCCSD, USD, and RWQCP occurred from August 5-11.  DPR

provided 1-L amber glass bottles, glass funnels, chain-of-custody forms, insulated coolers and blue

ice to each POTW for the study.  Sampling personnel for each POTW were given sample handling

and processing procedures identical to those used at CCCSD.

Field Quality Control

Due to the low concentrations of the analytes expected in the samples, field blanks and equipment

blanks were used for field quality control in this study.  To help detect site-specific contamination, a

field blank was collected at each site during sample collection.  After being filled with deionized

water at the site, blanks were subjected to the same treatment as the post-collection sewage samples. 
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Equipment blanks or rinse blanks were used to assess the cleanliness of the autosampler setup and

were prepared in a sheltered location (e.g. CCCSD’s Bay 11).  These blanks mimicked a sewage

sample from when it was taken to when it was deposited into the sample container.  Deionized water

was drawn by a clean autosampler through its debris guard, external and internal tubing, and

deposited into a clean autosampler-glass bottle.  This water was poured through a cleaned glass

funnel into a new 1-L amber glass bottle and capped.  Equipment blanks were done every 2 weeks to

verify that equipment cleaning standards and protocols (Lescure, 1996) were adhered to. 

Sample Handling

All samples received identical treatment after collection.  Each 1-L amber glass bottle was filled to

capacity to prevent trapping of air in the bottle.  Since diazinon and chlorpyrifos can degrade under

basic and acidic conditions, the pH of the samples was not adjusted from their typically neutral pH. 

Samples were then refrigerated at 4EC until they were ready to be shipped out.  Samples were placed

in insulated coolers with packing material to lessen the chance of breakage.  Blue-ice packages were

then added to the cooler to help maintain a temperature near 4EC.  An overnight delivery service

delivered the samples to the respective analytical laboratory for immediate extraction and subsequent

analysis.  Samples collected on Monday through Thursday were shipped the day they were collected. 

Samples collected from Friday through Sunday were shipped on the following Monday.  The average

time between sampling and laboratory extraction was about 5 days. 

Chemical Analysis and Laboratory Quality Control

Analytical Method  - Samples were analyzed for the presence of diazinon and chlorpyrifos by the

Agriculture & Priority Pollutants Laboratories (APPL) Inc. located in Fresno, California.  Sample

extracts were prepared by solid phase extraction using the 90 mm C18 3M Empore™  extraction

disk.  If necessary, florisil cleanup was used following solid phase extraction.  Extracts were analyzed

by EPA method 8141A using a Hewlett Packard 5890 gas chromatograph equipped with 7673A
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autosamplers or a Hewlett Packard 6890 gas chromatograph equipped with 6890 autosamplers. 

Dual columns were used for elution of the extracts.  The first column was a 30-m x 0.53-mm wide-

bore capillary column, 1.5-µm film thickness, chemically bonded with 35% phenyl methyl

polysiloxane (HP-35).  The second column was a  30-m x 0.53-mm wide-bore capillary column, 1.0-

µm film thickness, chemically bonded with 5% phenyl polysiloxane, 95% methyl polysiloxane (DB-

5).  The detector used was a Nitrogen-Phosphorus Detector (NPD) operated in the phosphorus-

specific mode.  The complete APPL analytical method is provided in Appendix A.

Method Development  - As required by the DPR Standard Operating Procedure QAQC.001.00

(Appendix B), APPL underwent a series of developmental steps to achieve the analytical methods for

this study.  The specific requirements are outlined in the Analytical Laboratory Specifications

(Appendix C) and involved three primary stages: 1) the method detection limit study, 2) the

analyte(s) degradation study and 3) the method validation study.

Laboratory Quality Control  - In addition to the standard laboratory D.I. spikes and blanks

conducted by APPL, matrix spikes and blanks were also performed with each extraction set as

required by DPR SOP number QAQC.001.00.  Blind in-house matrix spikes were also performed by

APPL periodically.  Moreover, several samples extracted by APPL were sent to the California

Department of Food and Agriculture’s (CDFA) Chemistry Laboratory Services in Sacramento,

California for analysis as an additional quality control check.  The results of the laboratory quality

control data and a detail discussion of these results are presented in Appendix D.

Split Sample Comparison  - Sewage from various source types (residential, commercial, influent,

etc.) was split and sent to several participating laboratories for comparative analysis.  The exercise

was conducted to see if each laboratory could produce similar results in analyzing for diazinon and

chlorpyrifos in a complex sewage matrix.  Knowledge gained from the exercise will increase

understanding in the comparability of future results, and possibly improve analytical methods.

Two rounds of split sample comparisons were completed during the course of the study.  The first

began in mid-June and consisted of seven samples.  APPL, CCCSD, AQUA-Science and Dow-
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Elanco analytical laboratories analyzed samples in this first round.  The second round started in the

end of July and continued into August and included 19 samples.  In addition to the participating

laboratories in the previous round, the Ciba-Geigy laboratory also participated in the second round. 

Appendix E contains a detailed discussion of the split sample comparison.

Data Analysis

All data used for analysis in this report have been adjusted for recovery from the raw results with the

exception of split sample comparison data which were unadjusted (Appendix E).  Laboratory quality

control data showed that the first set of Empore™  extraction disks were responsible for low

recoveries for both diazinon and chlorpyrifos (see Appendix D for details).  Follow-up research by

the disk manufacturer confirmed the disk’s elution inefficiency when methylene chloride is used as

the solvent.  The replacement of these original disks with larger diameter disks improved recovery

considerably.  Since recoveries changed due to a modification of the analytical method during the

study, all raw data reported by the laboratory were adjusted by sample batches to 100% recovery

based on each batch’s average matrix spike recovery. 

Reporting limits were also recovery-adjusted on a batch basis to be consistent with treatments to

analytical results.  Prior to adjustments, the default APPL reporting limit for diazinon and

chlorpyrifos is 50 ng/L.  Subsequent adjustments may shift a batch’s reporting limit above or below

this value.  Thus, the reporting limit may appear as for example <76 ng/L or <39 ng/L.  The less than

symbol prior to a numeric value denotes a reporting limit.  Subsequent uses of the term “reporting

limit” will not be accompanied by the clarification of “<50 ng/L” since it should be understood that

this default limit would have shifted in value from batch to batch.  Adjusted reporting limits for each

analytical batch are shown in Appendix D, Tables D1&D2.  To keep charts and graphs easy to

interpret in this report, only results above the reporting limit will be plotted.

The distribution characteristics of the sampled population were determined prior to the use of any

summary or descriptive statistics.  Data analysis was accomplished using both MINITAB® (1994)

and SAS® (1994) statistical software.  Various statistical tests and procedures were used to help
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answer more specific questions pertaining to the data. 

To establish a representative daily concentration value for the influent and residential data, the

estimate of the true mean (a) of the untransformed, lognormally distributed concentration data was

required.  The simple back-transformation of the mean of the log-transformed data (sample

geometric mean) may seem to be a suitable choice for the determination of a representative average;

however, this technique was not used since it produces a mean estimate with a large negative bias

(Parkhurst, 1998; Blackwood, 1992; Ung and Vegiard, 1988).  Therefore, the geometric mean tends

to underestimate the true mean of a lognormal distribution.  For the purpose of calculating an

unbiased estimate of the true mean (a), the more appropriate method in this case is the Uniformly

Minimum Variance Unbiased (UMVU) estimator via the method of Bradu and Mundlak (1970).  A

SAS® program developed by Powell (1991) was employed in the calculation of all Bradu-Mundlak

UMVU estimators in this study.  In this report, the UMVU estimator will occasionally be referred to

as “estimate of the true daily mean (a)” or simply as “a-estimate”. 

The residential concentrations for both diazinon and chlorpyrifos contained censored values (values

below the reporting limit (RL)).  These censored values had to be addressed before any analysis

could proceed.  Simple substitution for all values below the reporting limit (RL) was an option. 

However, inserting a constant (e.g.  0, ½ RL or the RL) for all values below the RL could lead to

undesirable bias and errors in subsequent summary statistics (Slymen et al, 1994; Helsel, 1990; Helsel

and Cohn, 1988).  The treatment of censored values can have an impact on the resulting estimate. 

Thus, the robust probability plotting method for a single reporting limit was used to obtain “fill-in”

values for the observations below the RL (Helsel, 1990).  This method has the advantage that it does

not assume any particular distribution to assign the fill-in values.  Furthermore, the fill-in values are

based only upon the data observed above the RL.  

In order to estimate the diazinon and chlorpyrifos total daily mass load of the three POTWs’ influents

as well as CCCSD’s commercial and residential sources, the most representative flow and

concentration values were used.  When possible, Land (1971) exact confidence intervals

accompanied estimates to better describe calculated mass values. 
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RESULTS & DISCUSSION

CCCSD Influent

From June 22 to September 10, 1996, 37 raw sewage samples were taken from CCCSD’s influent

and analyzed for diazinon and chlorpyrifos (Figure 3, on the following page).  Diazinon and

chlorpyrifos were detected in all of the influent samples.  None of the field blanks associated with the

CCCSD influent site contained detectable levels of contaminants.  Raw and recovery-adjusted

influent results are presented in Table F1 in Appendix F.  All statistical analysis results presented are

for recovery-adjusted data.

Both influent diazinon and chlorpyrifos concentrations failed the Shapiro-Wilk test (Shapiro and

Wilk, 1965) for normality (p = 0.01 and p = 0.01, respectively).  The log-transformed (natural

logarithm) concentration data were subjected to the same test.  The log-transformed diazinon

concentrations did not fail the test for normality (p = 0.10), allowing the assumption that the influent

concentrations were lognormally distributed.  The log-transformed chlorpyrifos concentrations still

exhibited significant departure from normality (p = 0.01).  However, this departure from normality

was due entirely to one particularly large occurrence of chlorpyrifos.  Omitting this one observation,

CCCSD’s chlorpyrifos concentrations were also assumed to follow a lognormal distribution.  With

the assumption of lognormality, subsequent descriptive and test statistics used also reflect this

distribution. 



Figure 3: CCCSD Daily lnfluent Diazinon and Chlorpyrifos Concentrations (6/22-9110196)
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Of the 37 influent samples taken, 13 represented weekend samples. The remaining 24 influent 

samples were collected on weekdays. Plots of weekend versus weekday samples for both diazinon 

and chlorpyrifos are shown on Figures 4 & 5 (following page). Mann-Whitney tests were 

performed on the log-transformed weekend and weekday data for both diazinon and chlorpyrifos. 

The tests indicated that diazinon weekend concentrations were not significantly higher than the 

weekday concentrations (p = 0.47). Likewise, chlorpyrifos concentrations on the weekends were 

not significantly different from weekday concentrations (p = 0.05). 

Figure 4: Comparison of Weekend and Weekday lnfluent 
Diazinon Concentrations 
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Figure 5: Comparison of Weekend and Weekday lnfluent 
Chlorpyrifos Concentrations 
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Based on the 37 influent samples, the true daily mean (a) influent diazinon concentration was

estimated, using the UMVU estimator method, to be 310 ng/L.  The true daily mean (a) influent

chlorpyrifos concentration was estimated to be 190 ng/L (Table 4). 

Table 4:  UMVU Estimates of True Daily Mean (a) Influent Diazinon and Chlorpyrifos Concentrations

Influent Sampling

Period

a-Estimate of Influent Diazinon

Concentration (ng/L)

a-Estimate of Influent Chlorpyrifos

Concentration (ng/L)

6/22/96 - 9/10/96 310 190

Influent diazinon concentrations ranged from 103 to 940 ng/L.  The highest influent concentration of

diazinon of 940 ng/L was measured on the first day of sampling.  The concentration was

approximately three times the influent diazinon a-estimate of 310 ng/L.  The second to fifth highest

diazinon detections were at 750, 690, 640, and 530 ng/L.  The five highest diazinon concentrations

were generally scattered over the influent sampling period.  The lowest diazinon concentration of

103 ng/L occurred on Tuesday, June 25th.  Thus, only a 3-day period separated the highest and

lowest diazinon level during the study period.  The five lowest diazinon concentrations were

scattered over the sampling period.

For chlorpyrifos, influent concentrations ranged from 98 to 600 ng/L.  The highest influent

concentration of 600 ng/L was measured on Monday, September 2, or Labor Day.  This peak

chlorpyrifos detection was also about three times its corresponding influent chlorpyrifos a-estimate

of 190 ng/L.  The second to fifth highest chlorpyrifos detections were 330, 280, 270, and 250 ng/L. 

Four of the five highest concentrations were measured in early September.  The lowest chlorpyrifos

concentration of 98 ng/L occurred on Tuesday, August 27th.  The five lowest chlorpyrifos

concentrations were scattered over the sampling period.  Insufficient influent data exist in this study

to establish a time-series or seasonal trend.
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CCCSD Residential Areas

Collection of 35 residential diazinon and chlorpyrifos samples coincided with the July 9-15 CCCSD

influent sampling.  Five neighborhoods (areas number R01-R05) within the collection system were

the focus of the residential portion of the study.  The sewage from these five neighborhoods was

sampled from manholes on 2nd Avenue South (R01 in Martinez/Pacheco), Turtle Rock Lane (R02 in

Concord), Acalanes Road (R03 in Lafayette), Miner Road (R04 in Orinda), and Greenbrook Court

(R05 in Danville).  Unlike the CCCSD influent, diazinon and chlorpyrifos were not always detected

in the sewage samples.  Residential monitoring results are presented in Figures 6 & 7 (on the

following page).  Note that the concentration scales on these two graphs are different.  Field and

equipment blanks associated with the residential sampling sites contained no detectable

concentrations of either active ingredients.

The concentration data from these five neighborhoods were used to estimate the mass load values for

all neighborhoods in the CCCSD service area.  The censored data were not uniformly distributed

among the five sites.  However, all the data were pooled as one group to increase the sample size

and to properly characterize the data set.  This treatment was also necessary because R03 contained

only two observations above the RL making this neighborhood unsuitable for individual

characterization.  The site of origin for each measurement was retained, and once the fill-in values

were calculated, the data were re-sorted for analysis by site.  The retention of neighborhood of origin

was necessary because the sewage from each site is received separately at the treatment plant. 

Therefore, to obtain a daily average concentration for the overall residential flow of the CCCSD

influent, the data were physically generated from a nested sampling design.  The residential

concentration data set with the fill-in values was used for all analysis.  The raw, recovery-adjusted,

and fill-in residential data are shown in Table F2 in Appendix F.

Initial analysis of residential diazinon and chlorpyrifos concentrations, using the Shapiro-Wilk Test

indicated that they were not normally distributed (p = 0.01 for both diazinon and chlorpyrifos). 

These results were not surprising since the residential flow was a major component of the influent

which was assumed to conform to a lognormal distribution.  Subsequently, the residential 



Figure 6: Daily Residential Diazinon Concentrations (7/g-7/15/96)
missing columns indicate
results were below the
reporting limit for that day.

Day

Figure 7: Daily Residential Chlorpyrifos Concentrations (7/g-7/15/96)

missing columns indicate
results were below the
reporting limit for that day.
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concentration data were log-transformed and again examined for normality using the Shapiro-Wilk

Test.  Results showed that the log-transformed concentration data did not depart significantly from

normality (p = 0.10 for both diazinon and chlorpyrifos), indicating that both the diazinon and

chlorpyrifos concentration data could be assumed to be lognormally distributed.  Thus, all analysis of

residential diazinon and chlorpyrifos data assumed a lognormal distribution. 

Since the final mass load estimates involve pooling of the residential data, it was necessary to assess

whether variances were homogenous among neighborhoods.  The log-transformed data of R01-R05

were tested for homogeneity of variance using both the Bartlett’s Test and the Levene’s Test.  The

Bartlett’s Test gave the p-values for diazinon and chlorpyrifos of 0.33 and 0.12, respectively.  The

Levene’s Test gave the p-values for diazinon and chlorpyrifos of 0.81 and 0.45, respectively.  Results

for both tests were not significant indicating that the variances from the five neighborhoods were not

significantly different. 

As with the influent, the best estimate of the true mean (a) of the untransformed, lognormally

distributed residential concentration data was the UMVU estimator.  The geometric mean was not

chosen since it estimates the median, rather than the mean of a lognormal distribution.  For highly

skewed distributions, the use of the geometric mean can result in the underestimation of the true

mean (a).  Since some of the residential data sets were highly skewed, the underestimation of the

true mean (a) can be pronounced.  Based on the need to control for negative bias, the UMVU

estimates of daily diazinon concentrations were calculated for R01-R05 (Table 5). 

Table 5: UMVU Estimates of True Daily Mean (a) Residential Diazinon and Chlorpyrifos Concentrations

Area

#

Location Residential Area a-Estimate of Residential

Diazinon Concentration (ng/L)

a-Estimate of Residential

Chlorpyrifos Concentration (ng/L)

R01 2nd Ave. South Martinez/Pacheco 740 550

R02 Turtle Rock Ln. Concord 420 110

R03 Acalanes Rd. Lafayette 120 80

R04 Miner Rd. Orinda 110 110

R05 Greenbrook Ct. Danville 340 180
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Diazinon concentrations in residential samples ranged from none-detected to 4,300 ng/L.  R01 had

the highest estimate of the true daily mean (a) diazinon concentration among the sampled

neighborhoods at 740 ng/L.  This was strongly influenced by the occurrence of the 4,300 ng/L on the

second day of residential sampling.  R02 and R05 had the second and third highest a-estimates,

respectively.  The a-estimates for R02 and R05 differed by 80 ng/L; however, the R02 1-day peak of

2,200 ng/L was almost three times larger than the R05 peak of 770 ng/L.  The R03 a-estimate of 120

ng/L was slightly larger than the R04 a-estimate of 110 ng/L.  Diazinon levels at R04, however, were

more frequently above reporting limit than at R03.

Chlorpyrifos concentrations in residential samples ranged from none-detected to 1,200 ng/L.  The

four highest daily chlorpyrifos concentrations (1,200, 1,200, 490, and 410 ng/L) also occurred at

R01.  Subsequently, R01 had the highest estimate of the true daily mean (a) chlorpyrifos

concentration at 550 ng/L. The second highest a-estimate of 180 ng/L at R02 was 370 ng/L less than

the R01 estimate.  R02 and R04 have the identical a-estimates of 110 ng/L.  Chlorpyrifos

concentrations at R02, however, were more frequently above the reporting limit than at R04.  R03

had the lowest a-estimate among the neighborhoods sampled at 80 ng/L.

Notable differences between daily concentrations at the same sites suggested that the diazinon and

chlorpyrifos in the sewer may have traveled in pulses (Table F2 in Appendix F).  Thus, it is possible

that there was variability in concentrations of the 24 subsamples that were composited to achieve the

4,300 ng/L diazinon sample from R01.  For example, if the loading occurred over six hours, the

concentration in each of the six bottles would have been about 25,800 ng/L.  However, if the pulse

was captured in just one bottle, the resulting concentration in that bottle would have been about

103,000 ng/L or 103 parts per billion.  A concentration of this magnitude would have surpassed the

concentrations found at any of the commercial sites monitored in this study.  Unfortunately, the 24

subsamples from July 11, 1996, were discarded after compositing.

The diazinon concentration of 4,300 ng/L and flow rate of 490,000 gal/day amounted to about 8.0 g

of diazinon active ingredient.  Considering the more common forms of diazinon for home use, this

amount would be equivalent to about 2 tablespoons of diazinon aqueous concentrate (25% active



ingredient) or about 2% gallons of a ready-to-use diazinon liquid solution (0.75% active ingredient).

For comparison, if the lowest diazinon concentration detected at RO 1 (110 r&L) was back-

calculated, the resulting mass of diazinon active ingredient from the neighborhood would be about

0.20 g. This is equivalent to about l/7 of a teaspoon of diazinon aqueous concentrate (25% active

ingredient) or about 8 fl. oz. of a ready-to-use diazinon liquid solution (0.75% active ingredient).

Diazinon loading on the first and last day of the residential sampling week was about 40 times

smaller than the loading on July 11, 1996. Moreover, a comparison of ROl and CCCSD influent

diazinon mass loads on that day shows that ROl (which comprises approximately 1% to the influent

flow), accounted for about 18% of the influent mass load. However, it is difficult to determine the

exact nature of diazinon loading that occurred on that day without additional source information.

For example, 8.0 g of diazinon active ingredient could have resulted from a major disposal (i.e.

pouring unused portions of diazinon down the drain), a myriad of smaller introductions (i.e. hand

washing or laundering of contaminated clothes), or any combinations in between. Similar possible

loading scenarios should also be recognized for chlorpyrifos. The highest residential chlorpyrifos

daily mass input of 2.2 g occurred on July 12, 1996 at ROl. This mass represented about 10% of the

influent chlorpyrifos mass load on that day. With over 2,000 residences in RO 1, small contributions

of diazinon and chlorpyrifos from each home to the sewer can become collectively significant.

During residential sampling week, ROl-R05 contributed as little as 1% and as much as 22% of the

CCCSD daily influent diazinon load. For chlorpyrifos, RO 1 -R05 contributed as little as 2% and as

much as 10% of the CCCSD daily influent load. The majority of the mass loads originating from

the five residential areas can be attributed to ROl as shown in Figures 8 & 9.

Figure 8: Sources of ROI-R05 Figure 9: Sources of ROI-R05
Diazinon Mass (7/9-7/15/96) Chlorpyrifos Mass (7/g-7/15/96)

R05 R05
R04 11%

ROI
58%

24%

R04 11%

R03
3%

R02
11% 1

68%
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Figures 10 & 11 present the same residential diazinon and chlorpyrifos concentrations as shown in 

Figures 6 & 7; however, the data were arranged in two dimensions to facilitate day-of-the-week 

comparisons. The highest diazinon concentrations for each neighborhood all occurred from 

Wednesday to Friday. For chlorpyrifos, the highest concentrations occurred on Monday, 

Wednesday and Friday. None of the peaks in each neighborhood occurred on the Saturday or 

Sunday of the residential sampling period. 

Figure 10: Daily Residential Diazinon Concentrations 
(7/9-7/l 5196) 
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Personal and professional use of organophosphates at residences are temporally variable.  Thus,

assuming these are major sources of diazinon and chlorpyrifos in residential areas, diurnal residential

input patterns can also be variable.  For example, gardening is not limited to weekends, but is also a

popular weekday activity.  Pet care activities (e.g. flea spraying, pet washing) occur throughout the

week and are not limited to daylight hours.  Professional applications of organophosphates by pest

control operators and landscape maintenance services take place throughout the week.  Surveys on

diazinon and chlorpyrifos residential uses are required to characterize temporal variations in

residential sources.  If these uses can be linked to transport mechanisms into the sewers, then perhaps

the observed residential concentration patterns of diazinon and chlorpyrifos can be better

understood.

Three-hour composite samples were taken at R02 from August 13-14 to capture the loading profile

during a 24-hour period (Figure 12 on following page).  Detectable concentrations of diazinon

occurred between 10 a.m. and 10 p.m. with the highest concentration of 360 ng/L occurring from 10

a.m. to 1 p.m.  During this profile, inputs of diazinon at R02 appeared to be occurring from early

morning through early evening hours which reflects diurnal use patterns.  Unlike diazinon,

chlorpyrifos was detected in all eight samples from the 24-hour period.  The highest concentration

(500 ng/L) occurred from 4 p.m. to 7 p.m.  Notable concentrations of 410 ng/L and 310 ng/L

persisted from 7 p.m. until 1 a.m.  This continuous profile may have simply resulted from continuous

input.  Alternatively,  it may be related to the more pronounced chemical retention of chlorpyrifos in

sewer pipes relative to diazinon. 

CCCSD has suspected that diazinon and chlorpyrifos may be absorbing into the layers of organic

material that line the inside of many sewer conduits (CCCSD, 1995).  Once absorbed, the active

ingredients can be released back into the waste stream.  The higher affinity of chlorpyrifos (Kow =

50,100) (DPR, 1995) for organic substances compared to diazinon (Kow = 1980) may result in an

increase in residence time for chlorpyrifos.  The limited monitoring results from R02 appear to

support this hypothesis; however, bench scale testing and/or tracer dye studies should be performed

to provide a more definitive answer.
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CCCSD Commercial Sites

Commercial sampling took place from July 18 through September 8 at 12 different sites within the

CCCSD collection system.  These sites included five pet groomers, five pest control operators, and

two kennels.  Samples were taken based on the days of the week in which heaviest input was

expected.  The total number of days sampled at each site varied from 1-4 days.  None of the field and

equipment blanks associated with the commercial sites contained detectable amounts of either active

ingredients.  Table F3 in Appendix F contains the raw and recovery-adjusted commercial sampling

results.

The highest and lowest concentrations observed in the commercial sampling span several orders of

magnitude.  The small number of samples from each site limits the use of statistical summary values

and tests.  Ten of the 12 sites have three or fewer observations.  Based on the observations from the

influent and residential sources, the distribution of commercial sources could be assumed to conform

to a lognormal distribution.  However, the use of UMVU estimator of a for a lognormally distributed

population cannot be calculated for this data set because the small sample sizes at most of the

commercial sites do not permit adequate characterization of the distribution.  Therefore, the

discussion of commercial results was based simply on the individual daily concentration data.

Both diazinon and chlorpyrifos were detected at 7 of the 12 sites monitored (Figures 13 & 14 on the

following pages).  At two sites, only diazinon was detected.  At two other sites, only chlorpyrifos

was detected.  The only site at which neither active ingredient was detected was C09, a pet groomer.

The mixed nature of the results suggests that diazinon and chlorpyrifos input levels can vary greatly

among commercial sites.

The highest diazinon concentration (20,000 ng/L) was found at a kennel (C11).  This site also had

the second to fourth highest diazinon concentrations of 14,000, 13,000 and 13,000 ng/L.  Other

notable detections of diazinon were made at pet groomer C10 (1,000 ng/L), PCO C14 (760 ng/L),

and PCO C16 (1,100 ng/L).  Diazinon levels were above the reporting limit on 17 of the 32 days

sampled. 



Figure 13: Daily Diazinon Concentrations at Sampled Commercial Sites

10000

100



Figure 14: Daily Chlorpyrifos Concentrations at Sampled Commercial Sites
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The highest chlorpyrifos concentration (38,000 ng/L) was found at a pet groomer (C08).  This site

also had the second and third highest chlorpyrifos concentrations at 12,000 and 5,500 ng/L.  Other

detections at or above 1,000 ng/L were found at pet groomer C06 (1,400 and 1,300 ng/L), pet

groomer C07 (1,400 and 1,200 ng/L), and kennel C11 (3,600, 3,400, and 1,000 ng/L).  Chlorpyrifos

levels were above the reporting limit on 23 of the 32 days sampled.

Even sites within the same commercial groups (e.g. kennels versus kennels) were quite variable.  For

example, the lowest daily diazinon concentration found at C11 (a kennel) was 13,000 ng/L.  At C12

(also a kennel) the highest daily diazinon concentration measured over the 4-day sampling period

was 73 ng/L.  Likewise, C08 and C09 (both pet groomers) also differed in chlorpyrifos

concentrations.  The lowest daily concentration at C08 was 5,500 ng/L, while chlorpyrifos was not

detected on any of the days sampled at C09.

Diazinon concentrations of 20,000 ng/L at C11 surpassed the 4,300 ng/L concentration that was the

maximum residential level.  Commercial chlorpyrifos levels of 38,000 ng/L at C08 also surpassed the

1,200 ng/L at R01.  However, the flow at C11 and at C08 were relatively low compared to the flow

of R01.  The diazinon level of 20,000 ng/L at C11, coupled with the flow that day of 3,274 liters,

only translated to approximately 0.065 g of active ingredient.  At C08, the 38,000 ng/L of

chlorpyrifos and the flow of 10,905 liters was equivalent to about 0.41 g.  The highest diazinon and

chlorpyrifos daily masses at R01 were about 8.0 g and 2.2 g, respectively.  However, note that

residential sampling sites such as R01 actually represent a sum of many individual residences.  If the

average mass loads of each home in the R01 area were calculated, the daily mass loads from C11 and

C08 would appear more significant on a per-structure basis.  Recall that the 8.0 g of diazinon active

ingredient at R01 accounted for 2,079 residences.  Thus, a per-residence mass would be about

0.0038 g.  This amount is about 17 times smaller than the peak diazinon input at C11.

The chlorpyrifos level of 38,000 ng/L at C08 was equivalent to 0.41 g of active ingredient.  Since

C08 was a pet grooming business, this amount of pure active ingredient was equivalent to about 0.62

fl. oz. or about 4 teaspoons of a flea and tick dip with 2.0% chlorpyrifos.  An informal site survey

done by CCCSD in September 1993 found that a particular dog grooming business was using a
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chlorpyrifos flea dip about once a week (Pomroy, March 1994).  The survey documented that 2 fl.

oz. of a 2.0% chlorpyrifos flea dip was used.  Considering that the active ingredient in the dip was

intended to stay on the animal, it is plausible that the loading estimate of 0.62 fl. oz. (about 31% of

the chlorpyrifos applied) would have made it off the animal and into the drain.  Chlorpyrifos may also

be released from a pet groomer via shampooing and regular rinsing of animals which had previously

been exposed.  Therefore, even the highest commercial chlorpyrifos concentration found in this study

can result from common practices.

When the site specific flow measurements were used with the daily concentration levels to calculate

the actual input mass of chlorpyrifos, it is apparent that certain commercial sources dominate. 

Approximately 72% of the total mass produced from these commercial sources over the 32 days of

sampling can be attributed to just 3-days of sampling at pet groomer C08.  Similarly, 3-days of

sampling at kennel C11 produced 41% of the study’s total commercial diazinon mass.  In this limited

study of commercial businesses, a handful of sources provided the majority of commercial inputs.

Publicly-Owned Treatment Works

The influents of Union Sanitary District (USD) and the Palo Alto Regional Water Quality Control

Plant (RWQCP) were sampled concurrently with the CCCSD influent from August 5-11, 1996.  The

CCCSD influent concentrations used in this comparison are a subset of the data previously discussed

in the CCCSD influent section.  The synchronization scheme among the POTWs minimized temporal

variability.  Table F4 in Appendix F contains the POTW sampling results.

Sampling methods used among the three locations were similar, with the exception that the recycle

flow at RWQCP also had to be monitored.  USD’s results from August 5 were not plotted or used in

subsequent calculations because the recycle flow on that particular day showed 1100 ng/L of

diazinon and 230 ng/L chlorpyrifos.  USD staff reported that the elevated diazinon and chlorpyrifos

concentrations in the recycling flow was likely due to the partial system cleaning conducted just prior

to the first day of POTW sampling.  POTW monitoring results are plotted in Figures 15 & 16. 



Figure 15: Daily lnfluent Diazinon Concentrations at CCCSD, USD, and 
RWQCP (8/5-8/l l/98) 
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Figure 18: Daily lnfluent Chlorpyrifos Concentrations at CCCSD, USD, 
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During the sampling week, the highest and lowest diazinon concentrations at each POTW occurred

on weekdays.  Interestingly, CCCSD and USD both reached their peak concentration on Tuesday,

and their lowest concentration on Thursday.  For chlorpyrifos, two of the three POTWs had their

peak concentrations on a weekend day.  The lowest concentrations for all three POTWs occurred on

weekdays.  

The influent diazinon and chlorpyrifos concentrations of USD and RWQCP were assumed to be

lognormal.  This is based on the finding that CCCSD’s influent diazinon and chlorpyrifos

concentrations were also lognormally distributed.  The UMVU estimators of daily influent

concentrations of diazinon and chlorpyrifos were calculated for each POTW using data from August

5-11, 1996 (Table 6).

Table 6:  UMVU Estimates of True Daily Mean (a) Influent Diazinon and Chlorpyrifos Concentrations of

CCCSD, USD, and RWQCP

POTWs a-Estimate of Influent

Diazinon Concentration (ng/L)

a-Estimate of Influent

Chlorpyrifos Concentration (ng/L)

Central Contra Costa Sanitary

District (CCCSD)

300 190

Union Sanitary District (USD) 230 230

Palo Alto Regional Water

Quality Control Plant (RWQCP)

150 110

Influent diazinon concentrations during this period for CCCSD, USD, and RWQCP ranged from 130

to 750 ng/L, 91 to 530 ng/L, and 66 to 240 ng/L, respectively.   The corresponding estimates of the

true daily mean (a) influent diazinon concentrations for the three POTWs were 300, 230, and 150

ng/L, in the same order.  A One-Way ANOVA Test on the log-transformed data and a Kruskal-

Wallis Test (non-parametric ANOVA) on the non-transformed data were performed.  Both tests

compare the ratio of the median values (not the means) of each POTW to determine if differences

exist.  Results of both tests showed no significant difference between the median diazinon

concentrations of the POTWs (p>0.15). 
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Influent chlorpyrifos concentrations in this same period for CCCSD, USD, and RWQCP ranged from

140 to 230 ng/L, 130 to 330 ng/L, and none-detected to 150 ng/L, respectively.  The corresponding

estimates of the true daily mean (a) influent chlorpyrifos concentrations for the three POTWs were

190, 230, and 110 ng/L, in the same order.  The same statistical tests used for the diazinon data were

used to test median chlorpyrifos concentrations.  Both tests determined that CCCSD and USD were

not significantly different from one another.  However, the test showed that RWQCP’s median

chlorpyrifos concentration was significantly lower than the other POTWs.  The p-values for both

tests were <0.001.  RWQCP’s median influent chlorpyrifos concentration was about half of the

influent median concentrations of CCCSD and USD.

It is not clear why RWQCP’s influent showed a significantly lower median concentration of

chlorpyrifos than CCCSD and USD.  The disposal practices, physical characteristic of the collection

system, source compositions, flow, and many other factors are unique to a POTW, producing the

observed influent concentrations.  A study of the factors that lead to the lower median chlorpyrifos

concentrations of RWQCP’s influent may perhaps lead to useful discoveries that can help reduce

concentrations in other sewage collection systems.  On the other hand, such an observation may

simply be a result of lower chlorpyrifos usage in the RWQCP’s service area.

Mass Balance Calculations

CCCSD Influent Mass Load Estimates - Flow data from the influent flowmeter were available for

each day of the sampling.  However, the SNAP modeling program data were used instead because

the same program was used to generate residential flow data.  For CCCSD’s influent, the SNAP

flow value was 38,400,000 gal/day.  As a comparison, the daily average from the influent flowmeter

between July 9-15 was 38,847,429 gallons.  There was only a one percent difference of model flow

to actual flow.

Concentration values were obtained from 24-hr. flow-composited samples.  Recall that the July 9-15,

1996 subset of the influent data was used specifically because residential sampling also occurred

during this week.  The daily influent concentrations between July 9-15 are considered to be
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lognormal because they are a subset of the lognormally distributed total influent data.  Thus, the best

estimate of the daily influent mean during this period was also the UMVU estimator. 

The SAS® program estimated the mean daily influent concentrations for July 9-15, 1996 to be 330

ng/L for diazinon and 170 ng/L for chlorpyrifos.  These concentrations and the fixed flow of

38,400,000 gal/day were multiplied giving the mean daily mass loads at the influent of 48 g for

diazinon and 25 g for chlorpyrifos (Table 7).

Table 7: Estimates of Daily CCCSD Influent Diazinon and Chlorpyrifos Mass Load (with Land 95% Confidence

Intervals)

UMVU Estimate of True Daily

Mean (a) Influent Concentrations

(ng/L) between 7/9/97-7/15/97

SNAP-Generated Average Daily

Influent Flow  

 Estimate of Daily Mass Loads (g)

between 7/9/97-7/15/97

diazinon chlorpyrifos gallons liters diazinon chlorpyrifos

(270-330-420) (140-170-200) 38,400,000 145,359,360 (39-48-61) (20-25-29)

In addition to the true daily mean estimates, confidence intervals for diazinon and chlorpyrifos were

also calculated.  There are several methods available for computing the interval estimates of the true

mean (a) of a lognormal distribution; however, only the method developed by Land (1971) gives

exact intervals (Ung and Vegiard, 1988).  The SAS® control file executes a Fortran program

developed by Land et al. (1987) to calculate exact confidence intervals for the true mean (a) of both

diazinon and chlorpyrifos.  The 95% Land exact confidence intervals are also presented in Table 7. 

The asymmetric confidence intervals are the result of the skewness of the lognormally distributed

influent population.

Residential Mass Load Estimates - Before residential mass loads could be estimated, the overall

mean diazinon and chlorpyrifos concentrations had to be calculated from the five neighborhood a-

estimates from Table 5.  The arithmetic mean or median was not used to calculated the overall R01-

R05 mean.  This was because R01-R05 were not specifically selected based on how they accurately

reflect (in terms of flows and concentrations) the profile of all neighborhoods in the CCCSD service
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area.  Instead, the UMVU estimator was used to estimate the overall true daily mean for all

residential neighborhoods using the five neighborhood a-estimates to characterize the distribution of

mean concentrations.  The SAS® program estimated the overall residential a to be 350 ng/L for

diazinon and 200 ng/L for chlorpyrifos. 

The appropriate flow value then had to be selected.  Although actual flow readings from R01-R05

were taken, the suspicion that some of the flow data were erroneous led to the consideration of other

flow determination alternatives.  The SNAP-generated flow data was selected since they were

verified by CCCSD to be accurate.  The availability of the SNAP-generated flow for use on the

influent side of the mass balance equation maintained consistency and further supported its use. 

Thus, the SNAP-generated flow of 31,600,000 gal/day was determined to be most representative of

the daily total residential flow.  The total daily residential mass load estimates for diazinon and

chlorpyrifos are shown in Table 8.

Table 8: Estimates of Daily Residential Diazinon and Chlorpyrifos Mass Loads (with Land 95% Confidence

Intervals)

UMVU Estimate of Overall True Daily

Mean (a) Residential Concentrations

(ng/L) between 7/9/96-7/15/96

Total SNAP-Generated Total Daily

Residential Flow 

 Estimate of the Total Daily

Residential Mass Loads (g)

diazinon chlorpyrifos gallons liters diazinon chlorpyrifos

(160-350-3,000) (100-200-1,200) 31,600,000 119,618,640 (37-42-360) (12-24-140)

The Land 95% confidence intervals for the true mean (a) were also calculated for residential

estimates.  The width of the intervals (particularly of diazinon) is quite large due to the large

variation in the neighborhood a-estimates. 

The initial comparison of residential mass to influent mass indicated that about 87% of the diazinon

and 96% of the chlorpyrifos were attributable to residential areas.   For comparison, if mass

contributions from residential sources were calculated based on the unadjusted raw data, these
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sources would account for about 56% of total influent diazinon and 63% of total influent

chlorpyrifos.  Although the raw data are considered to be conservative due to the lower recoveries,

they still show that more than half of the daily influent mass loads for both active ingredients are

residential in origin. 

When calculating percent contributions, natural loss of both diazinon and chlorpyrifos within the

collection system should be considered.  An analyte stability study conducted by AQUA-Science

shows that approximately 15% of the diazinon and 14% of the chlorpyrifos initial concentrations

were lost within the first 24 hours of introduction into the sewage matrix (AQUA-Science, 1995).  

Thus, it is likely that the same diazinon or chlorpyrifos molecule measured upstream may not be

accounted for downstream at the influent due to loss via various abiotic and biotic (microbial)

processes.  Hydrolysis, volatilization, particle sorption, oxidation, and hydroxylation are some

pathways that are responsible for the loss of organophosphates from aqueous solutions (Chambers

and Levi, 1992).  Factors such as pH, temperature, and microbial activities can also influence the

degradation kinetics of organophophates (Lartiges and Garrigues, 1995).  Therefore, the true

residential contribution percentages of diazinon and chlorpyrifos are likely to be somewhat lower

than the initial estimates.  Moreover, AQUA-Science’s data were generated for the purpose of

determining loss under storage conditions.  Thus, samples were stored at 4E C.  A degradation study

that mimics conditions within the sewers (temperature, pH, agitation, etc.) may provide data which

can be used to more accurately estimate the loss diazinon and chlorpyrifos during transit.

Commercial Mass Load Estimates - The UMVU estimator was not used to estimate commercial

mass loads since it was deemed to be inappropriate for use with the very small sample sizes

(Blackwood, 1992).  Instead, the estimated total daily commercial mass loads were based on the

arithmetic mean daily mass loads from each site sampled.  The arithmetic mean was used in this case

because existing datasets (1-4 values from each site) were limited.  The arithmetic mean is the best

alternative to obtain an unbiased estimate of the true mean (a) when sample sizes are small

(Blackwood, 1992).

Site-specific daily masses were possible to calculate since synchronous flow measurements were
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available.  For practicality, 25 ng/L (one-half the RL) was substituted in calculations for non-detects. 

The total daily mass input from each class (pet groomer, kennels, and PCOs) was then extrapolated. 

CCCSD estimated 29 pet groomers, 24 kennels, and 148 PCOs as potential sources in the service

area.  This projection is based on the assumption that the concentration and flow profiles of sampled

sites were fairly representative of the overall commercial cross-section. 

The total daily mass of the three business types were summed to represent the total commercial mass

(Table 9).  The use of the term “commercial” is subjective and refers to businesses classified as a pet

groomer, kennel, or PCO.  Other businesses that are sources of diazinon and chlorpyrifos certainly

exist although their mass loads may not be included as part of the “commercial” estimate. 

Table 9: Estimates of Daily Commercial Diazinon and Chlorpyrifos Mass Loads

Business

Type

Sum of the Daily Mean Mass of

Sampled Sites in Each Class (g)

Number of Commercial Sites Estimate of the Total Daily

Commercial Mass Loads (g)

diazinon chlorpyrifos sampled service area total diazinon chlorpyrifos

Pet Groomers 0.0417 0.2542 5 29 0.2419 1.475

Kennels 0.0357 0.0073 2 24 0.4288 0.0877

PCOs 0.0530 0.0263 5 148 1.568 0.7779

Total 2.2 2.3

Due to the small commercial sample set, it was not possible to calculate the confidence intervals for

the commercial estimates.  Although this estimate is short on statistical strength as compared to the

influent and residential estimates, consider the following scenario:  For the 201 commercial sources

to produce the equivalent amount of diazinon and chlorpyrifos as all the residential sources (values

in Table 8), they would have to contribute a daily diazinon concentration of about 3,200 ng/L and

daily chlorpyrifos concentration of about 1,600 ng/L, assuming that they release an average flow of

about 29,500 L/day.  This flow term is the average flow of the 12 sites sampled.  Existing

commercial results showed that only one of the twelve sites sampled exhibited the capability of

surpassing such a level for diazinon.  Likewise, only two of the twelve sites sampled showed the 



same capability in exceeding the estimated chlorpyrifos level. None of these sites were PCOs, who

comprised 74% of the commercially-classified sources in the CCCSD service area. Since each

sample site occasionally represents flows from other commercial businesses, the 29,500 L/day

average used in the previous calculation may be inflated. The concentrations of diazinon and

chlorpyrifos required to produce an equivalent mass to the sum of all residential sources may even

be higher. Based on this analysis and the previous residential mass load estimates, mass

contribution from commercial sources appeared minor compared to residential sources.

The total daily commercial diazinon and chlorpyrifos mass load estimates (2.2 g and 2.3 g,

respectively) were quite close (Table 9). Initial comparison of commercial to influent mass loads

suggested that about 5% of diazinon mass and 9% of chlorpyrifos mass were attributable to pet

groomers, kennels, and PCOs in the service area. If loss during transit was considered for

commercial loading, the percent contribution figures would be less than the percentages calculated.

The calculation of commercial percentage contribution assumed that the daily commercial loading

patterns were identical during the period in which the influent loads were quantified.

Unaccounted Mass Loads - Residential and commercial flows made up 88% of the CCCSD

influent flow. Their estimated masses combined for approximately 92% of the diazinon and 105%

of the chlorpyrifos of the service area (Figure 17). Consequently, only about 4 g of diazinon (8% of

influent mass) still remain unaccounted for. The sum of residential and commercial chlorpyrifos

inputs is actually greater than the amount received at the influent. The degradation of chlorpyrifos

and diazinon during transit will likely reduce the projected percent contributions; however, there

may be other reasons as to why the combined percent contributions were so high.

Figure 17: Estimated Residential and Commercial Contributions to CCCSD’s lnfluent
Diazinon and Chlorpyrifos Mass Loads (not adjusted for loss)

I 50

Total lnfluent Residential Contribution Commercial Contribution

40
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In mass balance equations, all calculated mean concentrations and flow values are best-substitutes for

the true mean values.  The limited numbers of samples collected did not necessarily provide an exact

representation of all the sources in the service area.  For example, if the 4,300 ppt concentration of

diazinon at R01 was a rare occurrence or error, it would have raised the estimate of the overall true

daily mean (a) residential concentration to a value that is actually higher than the true value.  The

assumption and subsequent use of this estimate to represent the typical CCCSD service area

neighborhood would then result in an overestimation.  Similar errors in projection can also affect the

influent mass estimates.  For example, a difference of 5 ng/L in active ingredient will change the

influent mass estimates by 1.5% for diazinon and 3.0% for chlorpyrifos.  Small changes in

concentration values translate into large changes in mass values when the flow term used in the mass

loading calculation is large.  The assumption must be made that the sites are representative of their

source categories in order to argue that the mass contribution estimates are reasonable.  The results

from this study should be used only to rank contributions from the source categories, and as

background to plan further monitoring studies.

Although projections show that residential and commercial (PCOs, pet groomers, and kennels)

sources represent the majority of inputs into the collection system, unaccounted diazinon and

chlorpyrifos may have also originated from unmonitored sources.  For example, little or no

monitoring data is available on potential commercial sources such as restaurants and nurseries. 

CCCSD also receives the effluents of many industrial facilities.  A grab sample taken by CCCSD at a

local waste management facility showed high concentrations (in the parts per billion or µg/L range)

of diazinon in the facility’s wastewater holding tank.  Industrial effluents combine for a total flow of

about 1.7 million gallons per day which is destined for the CCCSD treatment plant.  There are also

land uses which were not sampled (e.g. golf courses, parks, and resort areas) that are likely to use

higher amounts of the two active ingredients.  

POTW Mass Load Estimates - The mass load estimates of CCCSD, USD, and RWQCP were

calculated using the UMVU estimators generated from samples collected between 8/5/96 and

8/11/96.  The average influent flow rates of each POTW were derived from flowmeter readings
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during the same time period.  Thus, CCCSD’s daily mass load estimates from this period are not

identical to those shown in Table 10 which were derived from data between 7/9/96 and 7/15/96. 

Table 10 presents the mass load estimates of the three POTWs as well as the Land 95% confidence

intervals.  Note that these intervals are not ranges of the concentrations measured. 

Table 10: Comparison of POTW Influent Mass Load Estimates (with Land 95% Confidence Intervals)

POTW UMVU Estimate of the True Daily

Mean (a) Influent Concentrations

(ng/L) between 8/5/96-8/11/96

Average

Measured

Daily Flow  

 Estimate of the Daily Mass Loads (g)

between 8/5/96-8/11/96

diazinon chlorpyrifos liters diazinon chlorpyrifos

CCCSD (180-300-780) (170-190-230) 147,053,058 27-44-115 25-28-34

USD (150-230-500) (170-230-340) 105,234,120 16-24-53 18-24-36

RWQCP (100-150-240) (80-110-170) 92,623,329 9.3-14-22 7.4-10-16

The estimated daily mass loads at CCCSD, USD and RWQCP were 44, 24, and 14 g, respectively. 

The average daily mass of 44 g of diazinon entering the CCCSD plant each day was more than the

USD and RWQCP average daily inputs combined.  At this rate, CCCSD would receive  a kilogram

of diazinon active ingredient in about 23 days.  A kilogram of the active ingredient is equivalent to

roughly 250 tablespoons of a diazinon aqueous concentrate (25% active ingredient).  This amount is

significant when considering  a recent study on the removal rate for diazinon suggested that the

current CCCSD treatment process reduces influent diazinon by only 32 percent (Lai, November

1996).

The same study found that USD’s influent diazinon concentrations and mass loads are also fairly

high.  USD’s diazinon removal rate was determined to be about 24%.  When this removal rate was

applied to the estimated USD daily influent mass load, the resulting effluent mass was less than that

of CCCSD.  The same study revealed that the treatment process at RWQCP produced a diazinon

removal rate of 82%.  The following factors may have contributed to RWQCP’s higher removal rate

of diazinon over the other two POTWs:  1) the use of a fixed film/activated sludge system, 2) longer
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sludge age, 3) longer chlorine contact time, and 4) the use of a dual media filtration system (tertiary

treatment)(Lai, November 1996).

The daily average chlorpyrifos mass loads at CCCSD, USD and RWQCP were approximately 28,

24, and 10 g, respectively.  At 28 grams per day, it would take about 36 days for a kilogram of

chlorpyrifos to enter the CCCSD influent.  RWQCP removal rates for chlorpyrifos (71 percent) was

the highest of the three POTWs owing mostly to the same factors cited for diazinon.  Chlorpyrifos

removal rates for both CCCSD (53%) and USD (49%) mean that about half of the influent

chlorpyrifos remained in the effluent.  

CONCLUSIONS

Mass balance estimates indicate that residential sewage contributes the majority of the diazinon and

chlorpyrifos to CCCSD’s influent.  Relatively high concentrations were found at commercial sources;

however, low commercial flows can be expected to produce smaller contributions of mass. 

Unaccounted sources of chlorpyrifos and diazinon may also exist.  Uninvestigated sources include

restaurants, nurseries, industrial facilities, and isolated mass disposal.  Although small relative to

residential contributions, these sources should be investigated to confirm their role.

It is possible that the influent, residential, and commercial mass estimates developed from flow and

concentration data differ significantly from the true mass values.  This is because data from a limited

number of sampled sources were used to project the mass contributions for the whole population of

sources.  The large width of the intervals are reflective of the small sampled sizes as well as the large

variability that was characteristic of the sampled sites.  Increasing the sample size would increase the

precision of the mass estimates.  However, it is not clear whether such an improvement of data

quality would be achievable at a cost-effective level.  Moreover, the refinement of mass load values

will not likely change the indication that residential contribution is the major component of diazinon

and chlorpyrifos in the CCCSD service area.  An indication of the relative importance of sources to

influent loads may be sufficient in directing the source reduction strategies.
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A source reduction strategy will most likely have the greatest effect if it focuses on reducing diazinon

and chlorpyrifos loads from residential neighborhoods.  The allotment of resources to directly reduce

commercial inputs may result in limited success because of the relatively smaller commercial mass

contributions.  If a source reduction program is successful at increasing the pollution prevention

awareness of service area residents, input from commercial and unknown sources may also indirectly

decrease.  However, a successful campaign must impact the specific practices that introduce diazinon

and chlorpyrifos into the residential sewage.  In future research, surveys and sampling of residential

areas will be necessary to determine these specific practices.  

The investigation of factors responsible for the lower chlorpyrifos influent load at RWQCP may also

produce additional source reduction strategies for CCCSD.  If they are feasible, treatment-related

factors which produce greater reduction of diazinon and chlorpyrifos at RWQCP should also be

considered for implementation at CCCSD.  The reduction in diazinon and chlorpyrifos loads from

CCCSD’s influent will decrease the amount of the two active ingredients in the effluent.  Adequate

reduction may result in the consistent compliance with conditions under its waste discharge permit.
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w Standard Operating Procedure 

CDPR-STUDY 97 DIAZINONICHLORPYRIFOS 
USING SOLID PHASE EXTRACTION TECHNIQUE 

ANALYSIS BY EPA METHOD 8141A’ 

STATEMENT OF PURPOSE 

This procedure describes the extraction and analysis of organorhosphorus pesticides, 
Diazinon and Chlorpyrifos, in water using a solid phase extraction technique . 

INSTRUCTIONS 

A. Scope and Application 

This method is a capillary gas chromatographic method used to determine the 
concentration of Diazinon and Chlorpyrifos compounds in water. The fused-silica, open-tubular 
columns specified in this method offer improved resolution, better selectivity, increased sensitivity, 
and faster analysis than packed columns. A dual-column/dual-detector approach is used for the 
analysis of the extracts, 

Table 1 lists reporting limits for the target analytes. The analyst must demonstrate 
chromatographic resolution of both analytes. A method validation consisting of 3 aliquots of matrix 
spiked at 0.25 1.1911, 3 aliquots of matrix spiked at O.!$g/L, 3 aliquots of matrix spiked at 25ug/L, 
lOug/L and 2Opg/l was used to set control limits of 30-138% for Diazinon and 39-94% for 
Chlorpytifos. 

B. Method Summary 

This method provides gas chromatographic conditions for the detection of ppb 
concentrations of Diazinon and Chlorpyrifos using a Nitrogen Phosphorus detector (NPD). The 
sample extracts are prepared by solid phase extraction followed by florisil cleanup as necessary. 

C. Sample Preservation, Containers, Handling and Storage 

Containers used to collect samples for the determination of Diazinon and Chlorpyrifos are 
provided by the client. The sample containers for waters are 1 liter amber glass bottles with Teflon 
lined screw caps. 

Organophosphorus esters will hydrolyze under acidic or basic conditions. Adjust samples to 
a pH of 5 to 8 using sodium hydroxide or sulfuric acid solution as soon as possible after sample 
extraction. Record the volume used. 

All samples will be taken and held at a temperature of 4°C f 2°C until delivery to the 
laboratory. When the samples are delivered to the laboratory they are placed into a refrigerator that 
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is kept at 4°C + 2°C until extraction. Begin sample extraction within 7 days of collection. Extracts 
must be stored under refrigeration and analyzed within 40 days of extraction. 

D. Interferences and Potential Problems 

N.A. 

E. Equipment/Apparatus 

1) Gas chromatograph 

A) Gas chromatograph - Hewlett Packard 5890 gas chromatograph equipped with a 7673A 
autosamplers or a Hewlett Packard 6890 GC equipped with 6890 autosamplers. 

B) Columns 

a) Column 1 - 30-m X 0.53-mm wide-bore capillary column, I.5urn film thickness, 
chemically bonded with 35% phenyl methyl polysiloxane (HP-35). 

b) Column 2 - 30-m X 0.53-mm wide-bore capillary column, 1 .O urn film thickness, 
chemically bonded with 5% phenyl polysiloxane, 95% methyl polysiloxane 
(DB-5). 

C) Detectors 

a) Nitrogen-Phosphorus Detector (NPD) operated in the phosphorus-specific 
mode. 

2) Hewlett Packard EnviroQuant Data System 

3) Volumetric flasks, Class A: sizes as appropriate with ground-glass stoppers. 

4) Microsyringe 

5) Syringes 

6) Injection vials with crimp tops. 

7) Balances, Analytical, 0.0001 g. 

F. Reagents: 

Reagent grade chemicals shall be used in all tests. Other grades may be used, provided it 
is first ascertained that the reagent is of sufficiently high purity to permit its use with out lessening 
the accuracy of the determination. All reagents used will be traceable at all steps of the procedure. 

1) Solvents 
Page2of12 
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a) Hexane - Pesticide quality 

b) Acetone - Pesticide quality 

c) Methylene chloride - Pesticide quality 

d) Methanol - Pesticide quality 

3) Stock standard solutions: 

a) Diazinon and Chlorpyrifos stock standards3 are purchased as neat material. The stock 
standard solution is prepared by accurately weighing about 0.0100 g of pure compound. 
It is then dissolved in suitable mixtures of acetone and hexane and diluted to volume in 

a 10 mL volumetric flask. NOTE: If compound purity is 96 percent or greater, the 
weight can be used without correcting to calculate the concentration of the stock 
standard solution. 

b) The stock standard solutions are stored in the sealed ampules and are kept at 4°C f 
2°C and protected from light. Stock standards are to be checked for evaporation, 
especially just prior to preparing calibration standards from them. 

c) Stock standard solutions must be replaced after two months or sooner if comparison 
with check standards indicates a problem. 

4) Calibration standards: Calibration standards at five concentrations for each parameter of 
interest are prepared through dilution of the stock standards with hexane. Calibration solutions 
must be replaced after one or two months, or sooner, if comparison with check standards 
indicates a problem. 

5) Surrogate standards: Tributylphosphate and triphenylphosphate4 are purchased as mixes at 
lOOOug/mL. A volume of 50 uL of the 1000 ug/mL is added to IO mL of Acetone for a 5 ug/mL 
surrogate spiking solution. This solution is added to each sample, blank, and all QC samples. 
Proceed with corrective action when surrogates are out of limits for a sample. 

G. Procedure 

EXTRACTION 

1) MEASURING SAMPLE VOLUME: On the side of the bottle mark the meniscus for later 
determination of sample volume. After the sample has been extracted, determine the sample 
volume by refilling the sample bottle with tap water to the mark and transferring the liquid to a 
IOOOmL graduated cylinder. Record the sample volume to the nearest IO mL. 

2) Add I mL of a spike mix containing DiazinonKhlorpyrifos at 5.0 ug/mL to the QC samples. Add 
0.1 mL of the surrogate mix containing Triphenylphosphate/Tributylphosphate at 5.0 ug.mL to 

Page 3 of 12 



4w Standard Operating Procedure 

SOP: ORG035 
Section: 6 
Revision: I 
Date: 07/05/96 

blanks, samples and QC samples. Filter the matrix through a GF/F Whatman filter before 
adding the spiking solution. 

NOTE: The above step will be witnessed by a second person and will be documented on 
the extraction sheet. 

3) Check the pH with multicolored Merck pH test strips. Adjust the pH to 5-8 if needed. 

4) Assemble an all glass filtration assembly using a 90 mm Cl8 3M Empore TM Extraction 
Disk. Use of a manifold for multiple extraction is acceptable. 

NOTE: If samples contains significant quantities of particulates, the use of an in-situ 
glass micro-fiber prefilter (Whatman GMF 150, 1 micron pore size or equivalent) is 
advisable. The glass fiber prefilter is placed on top of the Empore TM disk prior to 
placement of the glass reservoir and clamp. 

5) 

6) 

7) 

8) 

PREWASH: Wash the extraction apparatus and disk by adding 20 ML of Methylene 
chloride to the reservoir, washing down the sides of the glass reservoir in the process. Pull 
a small amount through the disk with a vacuum: turn off the vacuum and allow the disk to 
soak for about one minute. Pull the remaining solvent through the disk and allow the disk 
to dry. 

CONDITION: Pre-wet the disk by adding 20 ML of Methanol to the reservoir pulling a small 
amount through the disk, then letting it soak for about one minute. Pull most of the 
remaining Methanol through the disk leaving 3-5 mm on the surface of the disk, which 
should not be allowed to go dry from this point until the sample extraction has been 
completed. Should the disk accidentally dry, simply repeat the prewetting step. 

Rinse the disk by adding 20 ML of reagent water to the disk and drawing most through, 
again leaving 3-5 mm of water on the surface of the disk. 

EXTRACTION: Add the water sample to the reservoir and, adjust the vacuum to filter so 
that a resonance time of greater than 5 minutes is achieved. Drain as much water from the 
sample bottle as possible. Allow the entire sample to pass through the disk, then dry the 
disk by maintaining vacuum for about 3 minutes. 

Note: With heavily particle laden samples, allow the sediment to settle; decant as much 
liquid as is practical into the reservoir. Allow most of the liquid to filter, then swirl the 
sediment portion and add it to the reservoir. Before the entire sample has filtered, rinse 
the sample bottle to the extraction. Drain as much water as possible from the sample 
bottle. 

9) Remove the entire filter assembly (do not disassemble) and insert 20 mL amber glass vial 
for eluent collection. Replace filter assembly. 
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IO) ELUTION: Add 5.0 mL Acetone to the disk. Allow the Acetone to spread evenly across 
the disk, then quickly turn the vacuum on and off again to pull a fraction of a milliliter 
through the disk. Allow the disk to soak for 15 to 20 seconds. 

11) Add 20 mL of Methylene chloride to the sample bottle. Rinse the bottle thoroughly and with the 
Acetone still on the disk, transfer the solvent to the disk with a dispo-pipette, rinsing down the 
sides of the reservoir in the process. Draw about half of solvent through disk, then release the 
vacuum. Allow the remaining Methylene chloride to soak the disk for about one minute, then 
draw remainder through under vacuum. 

12) Repeat the bottle rinse and elution in step 11 with a IO mL aliquot of Methylene chloride. 

13) Filter eluent through a funnel containing Sodium sulfate into a 250 mL boiling flask. Rinse 
Sodium sulfate with 30 mL Methylene chloride. 

14) Rotovap extract down to IO mL and transfer to 20 mL scintillation vial. Microconcentrate to 
dryness and bring to 1 mL final volume with Hexane. 

15) If needed, perform Florisil cleanup on sample extracts according to SOP #ORG0235. One 
millileter of the extract is placed on a Superclean LC-Florisil SPE tube. The column is first 
eluted with 6% Ethyl ether, then 15% Ethyl ether and then 50% Ethyl ether. The eluates are 
microconcentrated on a rotary evaporator and the final volume is adjusted to 1 mL with Hexane. 

16) Enter required If the responses exceed the linear range of the system, dilute the extract and 
reanalyze. It is recommended that extracts be diluted so that all peaks are on scale. 
Overlapping peaks are not always evident when peaks are off scale. Computer 
reproduction of chromatograms, manipulated to ensure all peaks are information on 
“Organic Extraction Worksheer form. Deliver the property labeled scintillation vials to GC 
Instrumentation Room and log into the refrigerator using the ‘Organic Extracts Log-in” log book. 

1) Operating Conditions (for either 5890 or 6890 GC): 

GC Conditions: 
Oven Temperature: 80°C 
Equib Time: 1 .OO min 
Oven Maximum: 290°C 
Initial Temp: 80°C 
Initial Time: 0.00 min 

Temperature Program: 
Rate: 1 O.O”C 
Final Temp: 290°C 
Final Time: 9.0 min 
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injection Temp: 225°C 
Detector Temp: 290°C 

2) Calibration: Prior to using this introduction technique for any GC method, the system is 
calibrated. 

a) Calibration standards at five concentrations for each parameter of interest are prepared 
through dilution of the stock standards with hexane. The concentrations are: 0.035, 0.105, 
0.175,0.525, and 0.700 pg/mL. A mid point of 0.250 ug/mL is injected every IO injections. 

b) Calibration solutions must be replaced after two months, or sooner, if comparison with 
check standards indicates a problem. 

C) Analyze each calibration standard. Inject each calibration standard using the technique 
that will be used to introduce the actual samples into the gas chromatograph. Samples are 
introduced into the gas chromatograph using a syringe, the ratio of the response to the 
amount injected, defined as the calibration factor (CF),, can be calculated for each analyte 
at each standard concentration. If the percent relative standard deviation (%RSD) of the 
calibration factor is less than 20% over the working range, linearity through the origin can 
be assumed, and the average calibration factor can be used in place of a calibration curve. 

d) Calculate response factors or calib ration factors for each analyte of interest as follows: 

Calibration Factor = Total Area of Peak 
Mass injected (in nanograms) 

e) The working calibration factor must be verified on each working day by the injection of one 
or more calibration standards. The frequency of verification is every 10 injections. If the 
response for any analyte varies from the predicted response by more than + 15%, a new - 
calibration curve must be prepared for that analyte. 

Percent Difference = R, - R2 X 100 
RI 

where: 
RI = Average calibration factor from first analysis 
R2 = Calibration factor from continuing analysis 

3) Gas chromatographic analysis: 

a) Diazinon and Chlorpyrifos compounds are introduced by direct injection using HP 
autosamplers. 

b) Samples are analyzed in a set referred to as an analysis sequence. The Sequence 
begins with the instrument calibration followed by sample extracts, and, every 10 
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injections a mid level calibration standard mix. The sequence ends when the set of 
samples has been injected or when qualitative and or quantitative QC criteria are 
exceeded. 

C) If the responses exceed the linear range of the system, dilute the extract and 
reanalyze. It is recommended that extracts be diluted so that all peaks are on 
scale. Overlapping peaks are not always evident when peaks are off scale. 
Computer reprooduction of chromatograms, manipulated to ensure all peaks are on 
scale over a 100 fold range, are acceptable if linearity is demonstrated. 

d) Calibrate the system immediately prior to conducting any analyses. The calibration 
factor for each analyte to be quantitated, must not exceed 15% difference. When 
this criterion is exceeded, inspect the GC system to determine the cause and 
perform whatever maintenance is necessary before recalibrating and proceeding 
with sample analysis. All samples that were injected after the standard exceeding 
the criterion must be reinjected to avoid errors in quantitation, if the initial analysis 
indicated the presence of specific target analytes that exceeded the criterion. 

e) Establish daily retention time windows 6 for each analyte. Use the retention time 
for each analyte as the midpoint of the window for that day. 

1) The daily retention time window equals the midpoint t three times the 
standard deviation determined from standards injected over a 72 hour 
period. 

2) In those cases where the standard deviation for a particular standard is 
zero, substitute the standard deviation of a close eluting, similar compound 
to develop a valid retention time window. 

3) A new retention time study is completed annually or whenever a new 
column is installed. 

f) Tentative identification of an analyte occurs when a peak from a sample extract falls 
within the daily retention time window. Normally, confirmation is required on a second 
GC column. Confirmation may not be necessary if the composition of the sample matrix 
is well established by prior analyses. 

g) Validation of the GC system qualitative performance: Use the mid concentration 
standards every 10 injections throughout the analysis sequence to evaluate this 
criterion. 

h) Refer to Section (H) Calculations (below) for guidance on calculating of concentration. 

i) Using external calibration procedure, determine the identity and quantity of each 
component peak in the sample chromatogram which corresponds to the compounds 
used for calibration purposes. 
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j) If peak detection and identification are prevented due to interferences, the hexane 
extract may need to undergo cleanup using Florisil clean up as described above in 
extraction. The resultant extract(s) are analyzed by GC. 

H. Calculations 

1) The sample/spike/surrogate is calculated against the initial calibration curve. 

2) External standard calibration: The quantitation of each analyte is performed by the 
EnviroQuant Data System. The algorithm is checked at least once per computer file (daily) 
by calculating the amount of analyte injected, from the peak response, using the calibration 
curve or the calibration factor. The following calculation is used to check the quantitation: 

Concentration (us/L) = A1W We) 
(&1)0’o)(1000) 

XD 

where: 

A, = Response for the analyte to be measured, (area or height) 
Ast = Response for the external standard 
cst = Concentration of external standard (yg/mL) 
v, = Volume of sample extracted (L) 
v, = Final volume of extract (mL) 
D = Dilution factor, if a dilution was made 

I. Quality Control 

I) The laboratory must demonstrate initial proficiency with each sample preparation and 
determinative method combination it utilizes, by generating data of acceptable accuracy and 
precision for target analytes in a clean matrix. 

2) Calibration Criteria: The relative percent difference (%RSD) for the initial calibration curve 
must be I 20% to validate the sequence. Include a calibration standard after each group of 
10 samples in the analysis sequence as a calibration check. The response factor of the 
continuing calbration check must be 5 15% from the response factor in the initial calibration 
curve. When this continuing calibration is out of this acceptance window, the laboratory will 
stop analyses and take corrective action. 

3) Sample quality control for preparation and analysis include the analysis of a method blank, 
a matrix spike/matrix spike duplicate, and laboratory control sample in each analytical batch 
and the addition of surrogates to each sample and QC sample. 
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4) A matrix spike/matrix spike duplicate (MSMSD) will be included with each batch of 20 
samples or less. The MS/MSD will contain the analytes of interest at the following 
concentrations: 

Diazinon at 5.0ug/mL 
Chlorpyrifos at 5.Oug/mL 

1 mL of the above concentration is added to approximately 1000 mL of the sample selected 
for the matrix spike QC. The matrix is filtered through a G5/5 Whatman before addition of 
the spiking solution. 

5) A laboratory control sample (LCS) will be included with each batch of 20 samples or less. 
The LCS consists of an aliquot of control matrix similar to the sample matrix and of the 
sample weight or volume. The LCS is spiked with the same analytes at the same 
concentrations as the MS/MSD. When the results of the matrix spike analysis indicate a 
potential problem due to the sample matrix itself, the LCS results are used to verify that the 
laboratory can perform the analysis in a clean matrix. 

6) The surrogate solution, Triphenylphosphateflributylphosphate at 5.0 ug/mL each, is added 
to blank, samples and QC samples. 

7) If recovery is not within limits for either the spiked sample recovery or surrogate recovery, 
the following are required: 

a) Confirm that there are no errors in calculations, surrogate solutions and internal 
standards. Also, check instrument performance. 

b) Examine chromatograms for interfering peaks and for integrated areas. 
c) Recalculate the data and/or reanalyze the extract. Many of the above checks reveal a 

problem. 
d) Reextract and reanalyze the sample if none of the above are a problem or flag the data 

as “estimated concentration”. 

8) Method Detection Limit’: To seven aliquots of water, I mL of a 0.25 ug/mL Diazinon and 
Chlorpyrifos concentration mix is added. The seven samples are extracted and analyzed 
and the MDL is calculated by the following equation: 

MDL = (t)(S) 

where: 

t = the student t value appropriate for a 99% confidence level (for 7 replicates, 
t = 3.143). 

S = standard deviation of the replicate analyses. 

Page9of12 



al/w Standard Operating Procedure 

SOP: ORG035 
Section: 6 
Revision: 1 
Date: 07/05/96 

9) PQL: The practical quantitation limit is established by multiplying the MDL obtained above 
by 1 to 5 times. It is recognized that the experience of the analyst is important to this 
procedure. The PQL for Diazinon and Chlorpyrifos is I .25 times the MDL. 

10) Deviations: Any activity not performed in accordance with laboratory procedures or Quality 
Assurance Project Plans is considered a deviation from the plan. All deviations from plan 
will be documented as to the extent of, and reason for, the deviation. 

11) Corrective Action: Errors, deficiencies, deviations, or laboratory events or data that fall 
outside of established acceptance criteria will be investigated. In some instances, corrective 
action may be needed to resolve the problem and restore proper functioning to the 
analytical system. The investigation of the problem and any subsequent corrective action 
taken is documented on a Quality Control Exception Report (QCER) and/or a Corrective 
Action Report (CAR). 

12) GUMS confirmation: Any compounds confirmed by two columns may also be confirmed by 
GUMS if the concentration is sufficient for detection by GUMS as determined by the 
laboratory generated detection limits, The extract and the associated blank will be 
analyzed. 

J. Data Validation 

Data is first reviewed by the analyst completing the work. The initial calibration 
curve is reviewed, the continuing calibration %D is reviewed and the spike recovery and precision 
are reviewed. If at any point the review shows an out of control situation the section manager is 
notified verbally and the problem is investigated. The correction may be one of several points 
considered: standard preparation, improper injection size, extraction technique, etc. The problem is 
potentially solved and reanalyses are completed. 

The second level of review is either by a peer in the same section or the section 
manager. There is a Multilevel Quality Control Sign Off worksheet that is filled out in its entirety by 
the review person. 

When QC parameters are exceeded, the following will take place: When the matrix 
spikes are outside of the limits they are redigested and reanlyzed. When the LCS is outside of 
limits the entire batch is reextracted and reanalyzed. If there is not enough sample for reextraction 
the Project Manager is notified who in turn notifies the client by phone or fax. The case narrative or 
case letter explains the sequence of events and the data is qualified. If the calibration parameters 
are not met the standards are reprepared and reanalyzed. 

K. Health and Safety 

Lab coats and gloves are worn at all times. All personnel handling raw samples 
must have been vaccinated or tittered for infectious diseases. Follow all safety procedures as 
described in the SOP for samples suspected of containing biological hazards. 
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SALUTATION 

This procedure applies to all *personnel who extract and analyze samples for 
Diazinon and Chlorpyrifos by solid phase extraction technique*. 

Agriculture & Priority Pollutants Laboratories, Inc. 
4203 West Swift Avenue 
Fresno, California 93722 

(209)-275-2175 

Section Manager: 

Laboratory Director: 

QAU Director: 

Prepared by: 

References: 

l EPA Method 814?A, USEPA SW846, Third Edition Revision I September 1994 

2 APPL SOP #MWEOOS Revision 1 May 28, 7996 

3 Chem Service 

4 Protocol 

5 APPL SOP #ORG023 Revision 2 February 6, 1996 (EPA Method 362OA, USEPA SW846, Third Edition Revision I Ju& 
1992) 

6 EPA Method 8OOOA, USEPA SW-846, Third Edition, Revision 1, July 1992 

7 CFR 40 Part 136, Appendix B, Chapter 1 (7-l-95 Edition), Revision 1.1 I 
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TABLE 1 

Compound 

Diazinon 

Chlorpyrifos 

STUDY 97 COMPOUNDS 

Water Quatitation Limit @n/L) 

0.05 

0.05 

Soil Quantitation Limit (ma/K@ 

NA 

NA 
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1 .O INTRODUCTION

1 .I Purpose

This Standard Operating Procedure (SOP) discusses the chemistry laboratory
quality control (QC). These guidelines describe method development as well as
continuing quality control procedures that should be followed for all Environmental
Hazards Assessment Program (EHAP) studies.

1.2 Definitions

1.2.1 AB 2021 Confirmation refers to the detection of a pesticide in at least
two discrete well samples.

1.2.2 AB 2021 Verification refers to analysis “by a second analytical method
or a second analytical laboratory approved by the department.” Confirmation
and verification are defined and discussed at length (particularly in the AB
2021 context) in the memorandum from Randy Segawa to Kean Goh, dated
1 l/22/93,

.I .2.3 Analytical Confirmation refers to an analyte that has been
unequivocally identified. For an analytical method that is nonspecific (e.g.,
gas chromatography with a flame photometric detector) analytical
confirmation requires a second analysis that has a change in both the
separation and detection principle. Except for AB 2021 projects, an analytical
method that is specific (e.g., mass spectrometry) meets the analytical
confirmation criterion and a second analysis is not required. AB 2021
requires a second analysis even if the primary method is specific.

1.2.4 Blank refers to a sample with no detectable amount of pesticide.
Blanks are used to check for contamination or to prepare QC samples (e.g.,
blank-matrix, reagent. blank, and field blank samples).

1.2.5 Blind Spike refers to a blank-matrix sample which has been spiked
and submitted to the lab disguised as.a field sample.

1.2.6 Extract  refers to the final solvent which contains the pesticide residue.
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1.2.7 Extraction Set refers to a single group of samples extracted and
processed at the same time.

1.2.8 Instrument Detection Limit (IDL) is 1 - 5 times the signal-to-noise
ratio depending on the analytical method.

1:2.9 Method Detection Limit (MDL) refers to the USEPA definition (40
CFR, Part 136, Appendix 8). “The MDL is defined as the minimum
concentration of a substance that can be measured and reported with 99%
confidence that the analyte concentration is greater than zero and is
determined from analysis of a sample in a given matrix....”

1.2.10 Reporting Limit (RL) is 1 - 5 times the MDL depending on the
analytical method and matrix. The MDL can vary from sample to sample
because of matrix effects. Ideally, the RL will not change, will be set high
enough to account for matrix effects, yet low enough to be useful.

1.2.11 Spike refers to a known amount of pesticide added. These QC
samples are used to check the precision and accuracy of a method.

1.2.12 Split refers to one homogeneous sample divided into several aliquots,
with the different aliquots analyzed by different Jaboratories. These QC
samples are used to check the specificity and precision of a method.

1.2.13 Standard refers to the laboratory analytical standard.

2.0 GENERAL PROCEDURES

These guidelines are meant to be a starting point; a specific study may require more
or less QC than is given here. The procedures outlined here are the QC measures
which should be reported. Performing other QC procedures such as frequency of
standard injections and calibrations are left to the chemist’s discretion.
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2.1 General Method Development

Many times the method development will be a negotiation between the project
leader and the laboratory. The project leader can suggest some method
perfomance goals (e.g., specificity, reporting limit, etc.), butthe goals need to be
balanced with laboratory cost and time constraints. The, method performance
should be consistent with the study objectives.

2.1 .I Standard - Standard solutions should be validated prior to use by
checking for chromatographic purity or verification of the concentration using
a second standard prepared at a different time or obtained from a different
source.

2.1.2 Method Defection Limit Determination - The MDL is determined by the
USEPA method (40 CFR, Part 136, Appendix B). The complete procedure is
given in Appendix I, Briefly, the MDL is’ determined by analyzing at least 7
low-level matrix spikes (generally 1 - 5 times the IDL) and performing the
following calculation:

MDL=txS

where:
t = Student’s t value for 99% confidence level (l-tailed) and n-l
degrees of freedom
S = standard deviation

2.1.3 Reporting Limit Determination - The RL is determined by the chemist
and set at 1 - 5 times the MDL depending on the matrix and instrument.

2.1.4 Method Validation - At the onset of a study, an acceptable range of
spike recoveries will be established. This range will be established by
analyzing blank-matrix spike samples. Two to five replicate analyses at two
to five different spjke levels will be used to determine the mean percent
recovery and standard deviation. Number of replicates and spike levels will
be chosen by the project leader. Warning limits will be established at the
mean percent recovery plus/minus 1 - 2 times the standard deviation.
Control limits will be established at the mean percent recovery plus/minus 2 -



California Department of Pesticide Regulation
Environmental Hazards Assessment Program
1020 N Street
Sacramento, CA 95814

SOP Number: QAQCOOI .OO
Previous SOP: none
Page5oflO

STANDARD OPERATING PROCEDURE
Chemistry Laboratory Quality Control

3 times the standard deviation. Any subsequent spiked samples’outside the
control limits may require the set of samples associated with that spike to be
reanalyzed.

2.1.5 Storage SfaMify - Storage stability needs to be evaluated on a case-
by-case basis, so no specific test design is specified. H’owever, in general
the test should be run for the longest anticipated holding period, with at least
four sampling intervals and two replicate samples at each sampling interval.
Other factors may also need to be incorporated into the storage stability tests,
such as pH, temperature, and container type. The project leader is
responsible for specifying the design of the storage stability test.

2.2 General Continuing QC - These analyses are to be done- by the main lab on a
continuing basis. Each extraction set should consist of 5-20 actual samples. Exact

---frequency of QC analyses and spike levels are chosen by the project leader.

2.2.1 Reagent Blanks - 1 - 2 per extraction set

2.2.2 Blank-Mafrix Spikes - 1 - 3 per extraction set

2.2.3 Analytical Confirmafion - 0 to 100% (normally 10%) of positive samples
confirmed

.2.2.4 Split Matrix Samples - 0 to 100% (normally 10%) of the actual samples
should be split into two aliquots, one aliquot analyzed by the main lab, and
one by the QC lab. For studies that cannot have actual samples split or for
which only a few positives are anticipated, blind spike samples may be used.

2.2.5 Blind Spikes - 0 to 100% (normally 10%) of the actual samples should
be accompanied by laboratory-spiked samples disguised as real samples.
These should be done only for matrices that can be accurately spiked.
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2.3 Optional Continuing QC - The following analyses should be considered but
may not be routinely performed unless specified by the project leader.

2.3.1 Infernal Standard - a chemical not expected in the samples can be
spiked into all samples or extracts. This is particularly useful for quantifying
mass spectrometry data.

2.3.2 Rephcafe Sample Analyses - analyzing multiple aliquots of a single
sample will give a bettter estimate of the method precision.

2.3.3 Replicate Exfracf Analyses - multiple analyses of a single extract will
give a separate estimate of the precision of the extraction and analysis
processes.

2.3.4 Split Exfracf Analyses - analyzing a single extract with more than one
lab is useful for checking discrepancies between laboratories.

2.3.5 Reference Mafei-ia/ - a stable sample that contains the analyte(s) of
interest and has been analyzed many times so that the concentration(s) are
known. Analysis of this material may give a better estimate of the method’s
accuracy than spiked samples. Also useful for method development.

2.3.6 Standards Exchange - exchanging analytical standards between the
primary and QC lab is useful for checking discrepancies in split samples.

3.0 WELL WATER STUDY QC PROCEDURES

3.1 Well Water Study Method Development - The general method development
procedures should be used.

3.2 We’ll Water Study Continuing QC - The following specific continuing QC
should be used in place of the general continuing QC:

3.2.1 Reagent Blanks - 1 to 2 per extraction set

3.2.2 Blank-Matrix Spikes - 1 to 3 per extraction set
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3.2.3 AB 2027 confirmation and verification - at least one additional sample
from the same well must be analyzed by a second lab or a second method for
each positive sample. AB 2021 confirmation requires positive detection in at
least 2 discrete samples and verification with a second lab or a second
method.

3.2.4 Blind Spikes - 1 blind spike should be submitted for every 3 - 50 well
samples.

3.2.5 Field Blanks - 1 field blank should be collected at each well, but
analyzed only if the well sample is positive.

4.0 AIR STUDY QC +ROCEDURES

4.1 Air Study Method Validation (trapping efficiency) - In addition to the general
procedures, the trapping efficiency should be determined. This normally involves
collecting a series of 2-stage air samples. The top stage sampling tube contains
glass-wool and is spiked. The bottom stage consists of the normal sampling tube.
The 2-stage sample is placed on an air sampler and run for the appropriate amount
of time. Both stages are then analyzed to determine the proportion of the spike
trapped in the bottom stage. The test should consist of two to five replicate
analyses at two to five spike levels. Samplers should run for various lengths of time,
if necessary. To determine the precision of the spiking technique, five sample tubes
with glass wool should be spiked and analyzed. Oxidation products should also be
analyzed to determine the rate of conversion. Exact test specifications are chosen
by the project leader.

4.2 Air Study Continuing QC - In addition to the general procedures, one reagent
spike should be analyzed with each extraction set. The air sampling matrix will
occasionally give an enhanced detector response.

In general, it is not possible to split air samples, so split matrix analyses are not
usually done.
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5.0 CALCULATIONS

5.1 Calculating the Method Detection Limit - The MDL is determined by
performing the following calculation:

MDL=txS

where:

t = Student’s t value for 99% confidence level (l-tailed) and n-l degrees of
freedom
S = standard deviation

5.2 Calculating Warning and Control Limits - The method validation data are
used to set warning and control limits. Warning limits will be established at the
mean percent recovery plus/minus 1 - 2 times the standard deviation. Control limits
will be established at the mean percent recovery plus/minus 2 - 3 times the standard
deviation. Any subsequent spiked samples outside the control limits may require
the set of samples associated with that spike to be reanalyzed.

6.0 REPORTING REQUIREMENTS

These reporting requirements pertain only to the QC data. There may be other _
reporting requirements specified in the EHAP Analytical Laboratory Specifications
Form (Appendix 2). .

6.1 Reporting Method Development Results - The following should be reported
by the lab to the EHAP QA officer prior to the start of any field sample analyses: the
spike level and concentration detected for each sample of the MDL determination,
the method validation, and the storage stability. The EHAP QA officer will review,
summarize and submit the data to the project leader.

6.2 Reporting Continuing QC Results - The following QC results should.be
reported by the lab to the EHAP QA officer on a continuous basis: the concentration
of all blanks, the concentration detected for all spikes, the amount added for all
spikes. Any spiked samples outside the control limits may require the set of
samples associated with that spike to be reanalyzed, The EHAP QA officer will
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review, summarize and submit the data to the project leader. In addition, the project
leader may request to be notified if any problems arise during,the course of
chemical analysis.

6.3 Reporting Sample Results - The laboratory should not use any spike or blank
data to adjust the field sample results, unless specified by the project leader. Any
adjustments should be made by EHAP personnel.

7.0 STUDY-SPECIFIC DECISIONS

The project leader is responsible for the following specific decisions for each
individual study. These decisions must be made for both the primarv lab and the

/-’ QC lab, if one is used. All decisions should be given to the EHAP QA officer who
will document the decisions and transmit them to the lab using the EHAP Analytical
Laboratory Specifications Form.

7.1 Method performance goals - reporting limit, specificity, precision, accuracy,
sample size, time to complete analysis, etc.

7.2 Number of MDL spike samples

7.3 Method validation spike levels and number of replicates

7.4 Warning and control limit criteria (1 - 3X standard deviation)

7.5 Storage stability test design

7.6 Number or frequency of continuous QC spike analyses

7.7 Concentration of continuous QC spike samples

7.8 Number or frequency of analytical confirmation

7.9 Number or frequency of split analyses

7.10 Use, selection and concentration of an internal standard
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7.11 Number or frequency of replicate sample analyses

7.12 Number or frequency of blind spike analyses

7.13 Concentration of blind spike samples (also select analyte(s)  if multi-residue
method)

7.14 Number or frequency of replicate extract analyses

7.15 Number or frequency of split extract analyses

7.16 Number or frequency of standard reference material analyses

/--. 7.17 Method of AB 2021 verification - 2nd lab or 2nd method

7.18 Trapping efficiency test design

7.19 Number or frequency of reagent spike analyses

California Department of Pesticide Regulation. 1988. Chemistry Laboratory Quality
Control Guidelines. Environmental Hazards Assessment Program.

Segawa, R. 1993. AB 2021 Confirmation and Verification Policy. Memorandum to
Kean Goh, dated November 22, 1993. Environmental Hazards Assessment
Program.

APPENDIX 1 - U.S. EPA Method Detection Limit Determination

APPENDIX 2 - Analytical Laboratory Specifications



APPENDIX 1 

Efivironmental Protection Agency 

AppENDIX B TO PART 136--DEFINITION 
AND PROCEDURE FOR THE DJZTERMI- 
NATION OF T?IE METHOD DETECTION 
LIMIT-REVISION 1.11 

Definition 
The method detection limit (MDL) is de- 

fined as the minim- Concentration of a 
&Stance that can be measured and report- 
Od with 99% confidence that the analyte 
&&ration is greater than zero and is de- 
termined from analysis of a sample in a 
given matrix containing the analyte. 

Scope and Application 
This orocedure ki designed for applicabil- __... _ 

ity to a wide variety of sample types ranging 
from reagent (blank) water containing ana- 
lyte to wastewater containing analyte. The 
MDL for an analytical procedure may vary 
.ZF a function of SamDle type. The Drocedure _ - .~ 
requires a completes specific. ani well de- 
fined analytical method. It is essential that 
311 sample processing steps of the analytical 
method be included in the determination of 
the method detection limit. 

‘The MDL obtained by this procedure is 
used to judge the significance of a single 
measurement of a future sample. 

The MDL procedure was designed for ap- 
plicability to a broad variety of physical and 
rhemical methods. To accomplish this. the 
procedure wss made device- or instrument- 
independent. 

Procedure 
1. Make an estimate of the detection limit 

using one of the following: 
(a) The concentration value that corre- 

sgonds to an instrument signal/noise in the 
r’mge of 2.5 to 5. 

(b) The concentration equivalent of three 
times the standard deviation of reDlicate in- 
strumental measurements of the &alYte in 
rcxgent water. 

(c) That region of the standard curve 
where there is a significant change in sensi- 
tivity. i.e., a break in the slope of the stand- 
ard curve. 

cd) Instrumental limitations. 
lt is recognized that the experience of the 

analyst is important to this process. Howev- 
Cr. the analyst must include the above COri- 
SIderations in the initial estimate of the de- 
tection limit. 

2. Prepare reagent (blank) water that is as 
[rcc of analyte as possible. Reagent or inter- 
*~Wnce free water is defined as a water 
SamPle in which analyte and interferent 
ConWIttations are not detected at the 
method detection limit of each analyte of 
Interest. Interferences are defined as SYS- 
trmatic errors in the measured analytical 
“anal of an established procedure caused bY 
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the presence of interfering species tinterfer- 
ent). The interferent concentration is pre- 
supposed to be normally distributed in rep- 
resentative samples of a given matrix. 

3. (a) If the MDL is to be determined in 
reagent (blank) water, Prepare a laboratory 
standard (analyte in reagent water) at a 
concentration which is at least equal to or 
ln the same concentration range as the esti- 
mated method detection limit. (Recommend 
between 1 and 5 times the estimated 
method detection limit.) Proceed to Step 4. 

(b) If the MDL is to be determined in an- 
other sample matrix, analyze the sample. If 
the measured level of the analyte is in the 
recommended range of one to five times the 
estimated detection limit, proceed to Step 4. 

If the measured level of analyte is less 
than the estimated detection limit, add a 
known amount of analytt? to bring the level 
of analyte between one and five times the 
estimated detection limit. 

If the measured level of analyte is greater 
than five times the estimated detection 
limit, there are two options. 

(1) Obtain another sample with a lower 
level of analyte in the same matrix if possi- 
ble. 

(2) The sample may be used ‘85 is for de- 
termining the method detection limit if the 
analyte, level does not exceed 10 times the 
MDL’ of the analyte in reagent water. The 
variance of the analYtlcal method changes 
as the analyte concentration increases from 
the MDL, hence the MDL determined under 
these +rcu+ance~ -may not truly reflect 

. method variance at lower anallute concen- 
trations. 

4. (a) Take a minimum of seven aliquots of 
the sample to be used to calculate the 
method detection limit and Pr’ocess each 
through the entire analytical method. Make 
all computations according to the defined 
method with final results in the method re- 
porting units. If a blank measurement is re- 
quired to calculate the measured level of an- 
alyte, obtain a separate blank messurement 
for each sample aliquot analyzed. The aver- 
age blank measurement is subtracted from 
the respective sample measurements. 

(b) It may be economically and technically 
desirable to evaluate the estimated method 
detection limit before pToceedin g with 4a. 
This will: (1) Prevent repeating this entire 
Procedure when the costs of analyses are 
high and (2) insure that the procedure is 
being conducted at the correct concentra- 
tion. It is quite possible that an lnflated 
MDL will be calculated from data obtained 
at many times the real MDL even though 
the level of amWe is less than five times 
the calculated method detection limit. To 
insure that the estimate of the method de- 
tection limit is a good estimate. it is neces- 
sary to determine that a lower concentra- 
tion of. analyte will not result in a signifi- 
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cantly lower method detection limit. Take 
two aliquoti of the sample to be used to cal- 
culate the method detection limit and proc- 
ess each through the entire method, includ- 
ing blank measurements as described above 
in 4a. Evaluate these data: 

(1) If these measurements indicate the 
sample is in desirable range for determina- 
tion of the MDL, take five additional ali- 
quots and proceed. Use all seven measure- 
ments for calculation of the MDL. 

(2) If these measurements indicate the 
sample is not in correct range, reestimate 
the MDL, obtain new sample se in 3 and 
repeat either 48 or 4b. 

‘5. Calculate the variance WI and stand- 
ard deviation (S) of the replicate measure- 
ments, as follows: 

40 CFR Ch. I (7-l-90 Edition) 

ratio. The F-ratio is calculated by substitut- 
ing the larger S* into the numerator WA and 
the other into the denominator S+,. The 
computed F-ratio is then compared with ttie 
F-ratio found in the table which is 3.06 as 
follows: if W,JS\<3.05, then compute the 
pooled standard deviation by the following 
equation: 

f%oold= 
sst+ss, 5% 

[ I. 12 

,- 

S-W) I’* 
where: 
x1; i- 1 to n. are the analytical results in the 

final method reportfng units obtained 
from the n sample ahquots and 2 refers 
to the sum of the X values from i=l to 
Il. 

6. (a) Compute the MDL as follows: 
MDL = t+,.*.. - 0.W) (S) 

where: 
y = the method detection limit 

.I.L.(I I .w) = the students’ t value appro- 
priate for a 99% confidence level and a 
standard deviation estimate with n-l de- 
grees of freedom. See Table. 

S = standard deviation of the replicate 
analyses. 

(b) The 95% confidence interval estimates 
for the MDL derived in 6a are computed ac- 
cording to the following equations derived 
from nercentiles of the chi souare over de 
grees of freedom distribution <#If). 

LCL = 0.64 MDL 
UCL = 2.20 BJDL 
where: LCL and UCL are the lower and 

upper 95%.confidence limits respectively 
based on seven aliquotc. 

?. Optional iterative procedure to verify 
the reasonableness of the estimate of the 
lKJDL and subsequent MDL determinations. 

(a) If this is the initial attempt to com- 
pute MDL bssed on the estimate of MDL 
formulated in Step 1. take the MDL as cal- 
culated in Step 6, spike the matrix at this 
calculated MDL and proceed through the 
procedure starting with Step 4. 

8 ... .” ....................... . ... ..“. ...... _. ........... 
10 ........................................... ..“. .... .” .. x 
11 ..................................................... . 10 
16 ......................... ..- ............................ 
21 ......................................................... 2 
28 ......................................................... 25 
31 ............. .._............................." ......... 
61 ............................................ ..-...- ... 2 
00 ... .......................................... ..-.-- ... 

I I 
06 

(5) If this is the second or later iteration 
of the MDL calculation. use 8’ from the cur- 
rent MDL calculation and S* from the previ- 
ous MDL calculation to commute the F- 
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The analytical method used must be spe- 
cifically identified by numhr or title ald 
the MDL for each analyte expressed in the 
appropriate method reporting units. If the 
analytical method permits options which 

if Sf/Sb>3.05, respike at the most recent 
calculated MDL and proms the samples 
through the procedure starting with 
Step 4. If the most recent calculated 
MDL does not permit qualitative identi- 
fication when samples are spiked at that 
level. report the MDL as a concentration 
between the current and previous nAl3L 
which permits qualitative identification. 

(cl Use the & as calculated in 7b to 
compute the final MDL according to the fol- 
lowing equation: 

MDL=2.661 tS,.,& 
where 2.681 is equal to tc*, ;-. =.,,). 

(d) The 96% confidence limits for MDL 
derived in 7c are computed according to the 
following equations derived from precentiles 
of the chi squared over degrees of freedom 
distribution. 

LcL=o.72 MDL 
UCL= 1.65 MDL 

where LCL and UCL are the lower and 
upper 95% confidence limits respectively 
based on 14 aliquots. 

TASlESOFSTUDENTS’tVALUESATTHE99 
PERCENT CONFIDENCE LEVEL 

L.1. rl 

3.143 
2088 
2535 
2.821 
2.754 
2.502 
2.528 
2.435 
2.457 
2330 
2.325 

Reporting 
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affect’ the method detection limit, these 
conditions must be specified with the MDL 
value. The sample matrix used to determine 
the MDL must also be identified with MDL 
value. Report the mean analyte level with 
the MDL and indicate if the MDL procedure 
was iterated. If a laboratory standard or a 
sample that contained a known amount ana- 
lyte was used for this determination, also 
report the mean recovery. 

If the level of analyte in the sample wss 
below the determined MDL or exceeds 10 
times the MDL of the analyte in reagent 
water, do not report a value for the MDL. 
149 FFt 43430, Oct. 26. 1984: 50 F’R 694. 696, 
Jan. 4. 1985, as amended at 51 RR 23703. 
June 30.19861 

APPENDIX C TO PART 136-INDUCTIVELY 
COUPLED PLASMA-ATOMIC EMIS- 
SION SPECTEOMGTRIC METHOD FOR 
TRACE ELlDBXT ANALYSIS OF 
WATER AND WASTES METHOD 200.7 

1. Scope and Application 
1.1 This method may be used for the de- 

termination of dissolved, suspended, or total 
elements in drinking water, surface water, 
and domestic and industrial wastewaters. 

1.2 Dissolved elements are determined in 
filtered and acidified samples. Appropriate 
steps must be taken in all analyses to ensure 
that potential interferences are taken into 
account. This is especially true when dis- 
solved solids exceed 1500 mg/L. (See Section 
5.1 

1.3 Total elements are determined after 
appropriate digestion procedures are per- 
formed. Since digestion techniques increase 
the dissolved solids content of the samples, 
appropriate steps must be taken to correct 
for potential interference effects. (See Sec- 
tion 5.1 

1.4 Table 1 lists elements for which this 
method applies along with recommended 
wavelengths and typical estimated instru- 
mental detection limits using conventional 
uneumatic nebulisation. Actual working de- 
tection limits are sample dependent and as 
the sample matrix varies, these concentra- 
tions may also vary. In time, other elements 
may be added as more information becomes 
available and as required. 

3.1 Df.ssoZved-Those elements which will 
pass through a 0.45 e membrane filter. 

3.2 Suspended-Those elements which 
are retained by a 0.45 m membrane filter. 

3.3 Total-The concentration deterreined 
on an unfiltered sample following vigorous 
digestion C%?ction 9.31, or the sum of the 
dissolved plus suspended concentrations. 
CGction 9.1 plus 9.2). 

3.4 Total recoverable-The concentration 
determined on an unfiltered sample follow- 
ing treatment with hot, dilute mineral acid 
(Section 9.4). 

3.5 Zn&wnental detectfon limit-The 
concentration equivalent to a signal, due to 
the analyte. which is equal to three times 
the standard deviation of a series of ten rep- 
licate measurements of a reagent blank 
signal at the same wavelength. 

3.6 Sensitivity-The slope of the analyti- 
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1.5 Because of the differences between 
various makes and models of satisfactory in- 
StrumeMs, no detailed instrumental operat- 
mg instructions can be provided. Instead. 
the analyst is referred to the instruction 
Provided by the manufacturer of the par- 
ticular instrument. 

cal curve. i.e. functlonal relationship be- 
tween emission intensity and concentration. 

2. Summary of Method 
2.1 The method describes a technique for 

the simultaneous or sequential multiele- 

3.7 Znstrument check standanl-A mul- 
tielement standard of known concentrations 
prepared by the analyst to monitor and 
verify instrument performance on a daily 
basis. (See 7.6.1) 
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ment determination of trace elements in so- 
lution. The basis of the method is the meas- . 
urement of atomic emission by an optical 
spectroscopic technique. Samples are nebu- 
llzed and the aerosol that ls produced is 
transported to the plasma torch where exci- 
tation occurs. Characteristic atomic-line 
emission spectra are produced by a radio- 
frequency inductively coupled plasma (ICP). 
The spectra are dispersed by a grating spec- 
trometer and the intensities of the lines are 
monitored by photomultiplier tubes. The 
photocurrents from the photomultiplier 
tubes are processed and controlled by a 
computer system. A background correction 
technique is required to compensate for 
variable background contribution to the de- 
termination of trace elements. Background 
must be measured adfacent to analyte lines 
on samples during analysis. The position se- 
lected for the background intensity mess- 
urement. on either or both sides of the ana- 
lytical line, will be determined by the com- 
plexity of the spectrum adjacent to the ana- 
lyte line. The position used must be free of 
spectral interference and reflect the same 
change in background intensity as occurs at 
the analyte wavelength measured. Back- 
ground correction is not required in cases of 
line broadening where a backaround correc- 
tion measurement. would a&ally degrade 
the analytical result. The possibllltv of addl- 
tional interferences named in 5.1 &id tests 
for their presence as described in 5.21 
should also be recognised and appropriate 
corrections made. 

3. Definitio?zs 



. 

CALIFORNIA DEPARTMENT OF PESTICIDE REGULATION 
ENVIRONMENTAL HAZARDS ASSESSMENT PROGRAM 
ANALYTICAL LABORATORY SPECIFICATIONS 

Project No. Lab 
Lab Project Manager Phone 
Project Chemist Phone 
EHAP Project Manager Phone 
EHAP Lab Liaison/ QA Officer Nancy M iller Phone 322-3082 

Type of Analysis: 

Sample Type Analysis For Reporting Lim it 
Number of 
Samples 

2 

4 

Methods Development: See attachment 
Sample Storage: 
Sample Storage: 

,/-Sample Extraction: 
Analytical Standard Source: 
Instrumentation: 
Confirmation Method: 
Continuing QC: See attachment 
Sample Disposition: 
Extract Disposition: 
Reportingnurnaround: See attachment 
Cost of Analysis: See attachment 

Other Specifications: 

.- 
Approved by: Nancy M iller 

CDPR Representative Lab Representative Date 



Specifications 

CALIFORNIA DEPARTMENT OF PESTICIDE REGULATION 
ENVIRONMENTAL HAZARDS ASSESSMENT PROGRAM 
ANALYTICAL LABORATORY SPECIFICATIONS 

METHODS DEVELOPMENT AND VALIDATION 

Validation* 

Method # 
Sample Matrix: 
Analvzed For: 
Reporting Limit: 
Other Specifications: 

Sample Type Spike Level # Reps 
1 
2 
3 
4 
5 

Method # 
Sample Matrix: 
Analyzed For: 
.Reporting Limit: 
Other Specifications: 

P. 

Sample Type 
1 
2 
3 
4 
5 

Spike Level # Reps 

Method # 
Sample Matrix: 
Analyzed For: 
Reporting Limit: 
Other Specifications: 

Sample Type 
1 
2 
3 
4 
5 

Spike Level # Reps 

* Each laboratory shall determine a method detection limit (MDL), instrument detection limit (IDL) and a 
reporting limit (RL) for each analyte. Each laboratory shall also document their terms, definitions and 
procedures for determining MDL, IDL and RL in their approved analytical method. Each laboratory 
shall provide a copy of their approved analytical method before analyzing any field samples. 
The results from the method validation study will be used to establish recovery control limits for the field study. 



Specifications 

CALIFORNIA DEPARTMENT OF PESTICIDE REGULATION 
ENVIRONMENTAL HAZARDS ASSESSMENT PROGRAM 
ANALYTICAL LABORATORY SPECIFICATIONS 

METHODS DEVELOPMENT 

Validation* 

Method # 
Sample Matrix: 
Analyzed For: 
Reporting Limit: 
Other Specifications: 

Method # 
Sample Matrix: 
Analyzed For: 
Reporting Limit: 

ier Specifications: 

Method # 
Sample Matrix: 
Analyzed For: 
Reporting Limit: 
Other Specifications: 

Sample Type Spike Level 

Sample Type 
1 
2 
3 
4 
5 

Sample Type 
1 
2 
3 
4 
5 

Spike Level # Reps 

Spike Level # Reps 

* The results from the method validation study will be used to establish recovery control limits for the field study. 
A full description of the analytical method should be included with the results of the method validation study. 

n 
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CALIFORNIA DEPARTMENT OF PESTICIDE REGULATION 
ENVIRONMENTAL HAZARDS ASSESSMENT PROGRAM 
ANALYTICAL LABORATORY SPECIFICATIONS 

CONTINUING QUALITY CONTROL 

Reagent or Solvent Blanks 
Reagent or Solvent Spikes 
Blank-Matrix Spikes 

Matrix 
Matrix 
Matrix 
Matrix 

Actual Matrix Spikes 
Replicate Matrix Analyses 

Spike Level 
Spike Level 
Spike Level 
Spike Level 

Replicate Extract Injections 

Confirmation Analyses 

‘-, 
Jr Well Samples: 

Primary Samples 
Backup Samples 
Field Blank Samples 

Storage Dissipation Study 



Appendix C: Analytical Laboratory Specifications and Method Development Results



This appendix contains: analytical laboratory specifications, storage dissipation study results, 

method detection study results, and method validation study results. 

In determining storage dissipation, influent water from CCCSD was split into 40 aliquots, each of 

which were spiked with 10 pg/L of both diazinon and chlorpyrifos. Ten samples were untreated, 10 

were adjusted to pH 4, 10 were adjusted to pH 10, and 10 were added with 20 ml of methylene 

chloride. At the 24,48,72, and 120-hour intervals samples were extracted and analyzed. Storage 

dissipation study results were used to determine the optimum storage conditions prior to extraction. 

In determining the method detection limit (MDL), blank matrix water was split into 7 aliquots 

which were identically spiked to the storage dissipation samples. The MDL is the product of the 

Student’s t-value for the 99% confidence interval and the standard deviation. The resulting 

reporting limit is then set at l-5 times the MDL depending on the matrix and instrument. 

In the method validation phase, three replicates were analyzed at five spike levels (0.25,0.5,2.5, 10, 

and 20 pg/L). Control limits were developed based on the mean and standard deviations of the 

recovery results. The Upper Control Limit (UCL) is equivalent to the mean recovery plus twice the 

standard deviation. Likewise, the Lower Control Limit (LCL) is equivalent to the mean recovery 

minus twice the standard deviation. 

With the exception of storage dissipation samples, all matrix water used during method 

development were filtered through a l-pm pore size glass filter to remove larger particulates that 

were interfering with recovery of spiked analytes. Filtration was an important treatment for spiked 

samples because it reduced the loss of analytes from solution to solids in the matrix. Once bound to 

the solids, the analytes may not be removable during extraction. After filtration, the recovery results 

better reflect any deviation in the analytical procedure. All of the matrix water used for spiking had 

no detectable levels of diazinon and chlorpyrifos. 

For both diazinon and chlorpyrifos, recovery generally decreases as spiked concentration increases. 

This phenomenon will be further discussed in Appendix D. 

Appendix C 



From: Cindy Oarretson To: Downtown CPPR Date: 5/23/8ti Time: 11 Xi1 :17 
CALIFORNIA DEPARTMENT OF PESTICIDE REGULATION 
ENVIRONMENTAL HAZARDS ASSESSMENT PROGRAM 

ANALYTICAL LABORATORY SPECIFICATIONS 

PagO 
LabSpec #: 97 

Projt Diazinon & Chlorpyrifos in Contra Costa Sewer Water Lab: APPL 
Lab Project Director: 
Project Chemist: 
QA Officer: 
EHAP Project Director: 
EHAP Lab Liason: 

Diane Anderson 
Paula Young 
Pam Cooper 
Nan Singhasemanon 
Cindy Garretson 

Phone: 
Phone: 
Phone: 
Phone: 
Phone: 

(209) 2752175 
81 
II 

(916) 324-4122 
(209) 278-4198 

Type of Analysis: 

Sample Type Analysis For Repotting Limit Number of Samples 

1 Matrix H20 for mdl study diazinon and chlorpyriros 0. OSugA or better 8 
2 Matrix H20 for Degradation ,I 0.05ugA or better 40 
3 Matrix H20 for M. V. ,I 0.05ugA or better 15 
4 Main Study Water Samples N 0.05ugA or better 166 

Method Validation: 
Degradation Study: 
Sample Storage: 
Sample Extraction: 
An-al Standard Source: 
lnsti -, , lentation: 
Continuing QC: 
Extract Disposition: 
Reporting 

See Method Validation attachment 
See Degradation Study attachment 
Refrigerate H2O’s (4O C) 
Extract within 7 days of receipt. 
In House Analytical Standards 
GCrmPD 
see Continuing Quality Control attachment 
Hold until advised by CDPR 
see Repotting attachment 

Turnaround 3 weeks 

Other Specifications: 
MDL study must be run first. After an mdl is established and it is 

determined whether or not there are any background levels or matrix interferences present then 
spike levels can be set for the method validation and degradation studies. 

Study to be performed in accordance with CDPR SOP Number QAQCOOI. 00 

Approved By: Cindy Garretson 
CDPR Representative 

Approved By: Date: 
Lab Representative 

.r\ 
Pk. L Director: 

I Please Read, Sign, and Return I 

Project Chemist: 

St23196 Labspc97 Page 1 of 7 



From: Cindy Garretson To: Downtown CDPR Date: 5/23/96 Time: 11:52:10 
CALIFORNIA DEPARTMENT OF PESTICIDE REGULATION 
ENVIRONMENTAL HAZARDS ASSESSMENT PROGRAM 

ANALYTICAL LABORATORY SPECIFICATIONS 

METHOD DETECTION AND REPORTING LIMIT 

METHOD DETECTION LIMIT 

Determine a Method Detection Limit (MDL) according to the USEPA definition (4OCFR, Part 136, B). 

ANALYTE SPIKED SPIKE LEVEL 

Paga3of7 
LabSpec #: 97 

REPS_ 

CDPR Matrix H20 diazinon and chlorpyrifos* UQA 7 

CDPR Matrix H20 NONE NONE f 

Spiking Procedure: Using matrix provided by CDPR Prepare a total of 7 spiked samples per matrix. 
Analyze f Blank Matrix Sample per matrix. 

*Refers to APPL In-House Analytical Standards 

Documentation Reauirements: 
Each laboratory shall determine a method detection limit (mdl) and 
a reporting limit (rl) for each analyte. Each laboratory shall also document their terms, definitions 
anwedures for determing MDL and RL in their approved analytical method. Each laboratory 
sht ovide a copy of their approved analytical method before analyzing field samples. The results 
from the method validation study will be used to establish recovery control limits for the field study. 

REPORTING LIMIT 

The Reporting Limit (RL) is f - 5 times the MDL depending on the analytical method and matrix. 

Project Director: 

I Please Read, Sign, and Return I 

Project Chemist: 

5123196 Labspc97 Page 2 of 7 



From: Cindy Garretson To: Downtown CDPR Date: 5123198 Time: 11:53:37 
CALIFORNIA DEPARTMENT OF PESTICIDE REGULATION 
ENVIRONMENTAL HAZARDS ASSESSMENT PROGRAM 

ANALYTICAL LABORATORY SPECIFICATIONS 

PagO5Of7 
LabSpec #: 97 

DEGRADATION STUDY 

MATRIX ANALYTE SPIKED 

f) CDPR Matrix H20 diazinon and chlorpyrifos* 

2) CDPR Matrix H20 (pH 4) diazinon and chlorpyrifos” 

3) CDPR Matrix H20 (pH 8) diazinon and chlorpyrifos* 

SPIKE LEVEL 

1 OUQA 

1 ougn 

I OUQA 

REPS 

f0 

10 

70 

4) CDPR Matrix H20 (solvent) diazinon and chlorpyrifos* 1 oug/j f0 

*Refers to APPL In-House Analytical Standards 
*+ To be determined by MDL Study 

Spiking Procedure: 

Using matrix provided by CDPR Prepare f 0 reps per treatment spiked with f Oug/l each of diazinon 
and chlorpyrifos. Keep samples refrigerated. 

, -rea tmen ts: 
1) no treatment, measure and record matrix pH. 
2) adjust pH to 4 
3) a@ust pH to f0 
4) pour matrix into each of 10 lliter amber jars. Add m/s of 

Analvsis Procedure: 

Pull 3 reps of each treatment at the specified sampling intervals and analyze. 

SamDlina Intervals: 

Sampling Interval 

Immediately Post Spiking 
Approximately f 2 HOURS 

Approximately 48 HOURS 
Approximately 96 HOURS 

Water Samples 

8 
8 

8 
8 

1 WEEK 8 
Total 40 

5t23f96 
Project Director: 

Please Read, Sign, and Return 
Labspc97 

Project Chemist: 
Page 4 of 7 



From: Cindy Qarvatson To: Downtown CDPR Date: 5/23/86 Time: II x52:57 
CALIFORNIA DEPARTMENT OF PESTICIDE REGULATION 
ENVIRONMENTAL HAZARDS ASSESSMENT PROGRAM 

ANALYTICAL LABORATORY SPECIFICATIONS 

METHOD VALIDATION STUDY 

METHOD VALIDATION 

Run a Method Validation Study to establish Control Limits for these analytes in these matrices. 
These Control Limits will be adhered to through the course of the study. 

ANALYTE SPIKED SPIKE LEVEL 

Paga40f7 
LabSpec #: 97 

REPS 

CDPR Matrix H20 diazinon and chlorpyrifos* 0.25ugA 3 

I, I, 
0.5ugA 

I, I, 2.5ugn 

II ,, f oug/r 

I, I, 2OugA 

II NONE NONE 

Spin Procedure: Using matrix provided by CDPR Prepare a total of f 5 spiked samples per matrix. 
Analyze I Blank Matrix Sample per matrix. 

3 

3 

3 

3 

f 

*Refers to APPL In-House Analytical Standards 

Please Read, Sign, and Return 

Project Director: Project Chemist: 

5123196 La bspc97 Page 3 of 7 



From: Cindy Garretson To: Downtown CDPR Date: 5/23/M Time: 11:54:23 
CALIFORNIA DEPARTMENT OF PESTICIDE REGULATION 
ENVIRONMENTAL HAZARDS ASSESSMENT PROGRAM 

ANALYTICAL LABORATORY SPECIFICATIONS 

ragssorr 
LabSpec #: 97 

CONTINUING QUALITY CONTROL 

Matrix Blanks: One Matrix Blank per matrix per extraction set. Matrices provided by CDPR 
(to test for laboratory contamination; glassware, matrix, instrumentsetc.) 

Blank Matrix Spikes: One Pair Of Matrix Spikes Per Matrix Per Extraction Set 
(to evaluate method accuracy and precision based on previously established control limits) 

MATRIX ANALYTE SPIKED 
CDPR Matrix H20 diazinon and chlorpyrfos* 

SPIKE LEVEL UNITS 
ug/l 

Spiking Procedure: Add Analytical Standard at appropriate spike level to matrices provided by CDPR. 

* Refers to APPL In-House analytical standards 

QCmorting Requirements: 
1) 
2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 
10) 
11) 
12) 
13) 

:x traction Date. 
Extraction set reference (APPL lab #s). 
Report Date. 
Method SOP#. 
Spike matrix. 
Analyte spiked. 
Amount spiked. 
Method Detection Limit. 
Reporting Units. 
Results. 
% Recovery. 
RPD. LIMIT = 30% 

Type of Analysis General RPD Limits 
LC/MS and NPD 30% 

lnorganics 25% 
VOA’s, GC/MS, ECD, FID 20% 

Previously established Control Limits: 

Analyte and Matrix 
To be established Diazinon in CDPR Matrix H20 

Chlorpyrifos in CDPR Matrix H20 

Lower Control Limit Upper Control Limit 
Mean-2xSD Mean+2xSD 

In Case of Failing QC: 
If the Matrix Blank is positive or if the Duplicate Matrix Spike recoveries or 
RPD’s fall outside the previously established limits for this study APPL should immediately 
notify the CDPR lab liason and cease sample analysis until; 1) the samples in the 
faililpvtxtraction set have been rerun and meet QC standards or 2) the CDPR lab liason 
ant Jject leader agree to an alternative. 

5123196 
I Please Read, Sign, and Return I LabspcW Page 5 of 7 

Project Director: Project Chemist: 



From: Cindy Oarretson To: Downtown CDPR Date: 5/23/tl8 Time: 11:55:16 
CALIFORNIA DEPARTMENT OF PESTICIDE REGULATION 
ENVIRONMENTAL HAZARDS ASSESSMENT PROGRAM 

ANALYTICAL LABORATORY SPECIFICATIONS 

Paga/t.u/ 
LabSpec #: 97 

REPORTING PROCEDURES 

Completing the Chain of Custody Record: 

1) 
2) 
3) 

Sign and date the box marked “Received for Lab by:“. 
Write in the Lab I.D. number in the appropriate space. 
For those samples which contain no detectable amount write “none detected” and 
indicate the detection limit. 

4) The chemist who analyzed the sample should sign and date in the appropriate space. 
5) Write the date of extraction and analysis in the appropriate space. 

Additional Specifications: 
Matrix: Report As: 

7) Water 

Please Read, Sign, and Return 

LabspcW 
Project Chemist: 
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Table Cl: Percent Recovery under Various Treatments from APPL’s Diazinon Storage 

Dissipation Study in a Sewage Matrix * 

Treatment 1 0 hr. I 24 hrs. 48 hrs. 72 hrs. I 120 hrs. 

Untreated I 74 I 54 I 52 I 52 I 44 

Untreated I 51 I 46 I 52 I 60 I 56 

pH4 44 11 0 0 0 

pH4 33 14 0 21 0 

pH 10 12 10 47 47 61 

pH 10 27 16 46 26 60 

MeCl** 15 15 14 0.8 13 

*Spike level = 10 ug/L, matrix = raw CCCSD influent, stored at 4”C, reporting limit = 0.05 pg/L, 

**20 ml of Methylene Chloride added. 

Table Cl: Percent Recovery under Various Treatments from APPL’s Chlorpyrifos Storage 

Dissipation Study in a Sewage Matrix* 

*Spike level = 10 pg/L,, matrix = raw CCCSD influent, stored at 4°C reporting limit = 0.05 ug/L 

**20 ml of Methylene Chloride added. 
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Table C3: APPL Method Detection Limit Study/Diazinon Results 

0.10”” 

0.10”” 

0.10** 

0.10** 

0.10** 

0.10** 
HP-35 GC column used 

**DB-5 GC column used 

0.080 80 

0.092 92 

0.098 98 

0.100 100 

0.109 109 

0.098 98 97.7 9.7 
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Table C4: APPL Method Detection Limit StudyKhlorpyrifos Results 

Spike Level (pg/L) 1 Results I Percent Recovery Mean Standard Deviation 

bvJ-d 
0.10* 0.074 74 

0.10” 0.053 53 

0.10” 0.078 78 

0.10” 0.08 1 81 

0.10* 0.069 69 

0.10* 0.093 93 

0.10” 0.083 83 75.9 12.6 

0.10** 0.089 89 

0.10”” 0.063 63 

0.10** I 0.079 I 79 I I 

0.10** I 0.086 I 86 I I 

0.10** 

0.10** 

0.10”” 
HP-35 GC column used 

0.083 83 

0.086 86 

0.078 78 80.6 8.7 

**DB-5 GC column used 
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Table C5: APPL Method Validation Study Results for Diazinon* 

Spike 

Level 

bm 

Results Percent 

h&!m Recovery 

Mean Standard Coefficien Lower Upper 
Deviation t of Control Control 

Variance Limit Limit 

*Matrix = raw CCCSD influent, reporting limit = 0.05 yg/L 
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Table C6: APPL Method Validation Study Results for Chlorpyrifos* 

Spike 

Level 

(Me) 

Results Percent 

ha) Recovery 

Mean Standard Coefficient Lower Upper 
Deviation of Control Control 

Variance Limit Limit 

atrix = raw CCCSD influent, reporting limit = 0.05 pg/L 
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Appendix D: Laboratory Quality Control Results and Discussion



Overall, the 176 samples were analyzed in 21 extraction sets. An extraction set contained as few as 

one sample and as many as 18. Matrix spike (MS) recoveries ranged from 62.9% to 121.5% with an 

average of 79.5% and a standard deviation of 17.7% for diazinon (see Table Dl at the end of this 
appendix). For chlorpyrifos, the MS recoveries ranged from 5 1.5% to 96.6% with an average of 

67.7% and a standard deviation of 13.8% (Table D2). The method validation performed at the 

beginning of the study established control limits of 30.1% to 138.0% for diazinon and 39.1% to 

94.4% for chlorpyrifos. During the course of the study, two chlorpyrifos samples exceeded the 

upper control limit in batches which were extracted on 8/15/96 and g/3/96 (95.5% and 96.6%, 

respectively). Diazinon MS recoveries did not exceed the control limits. 

A Cl8 solid-phase extraction disk (trade name Empore TM developed by 3M) was used to extract 

analytes from the sample medium. The initial set of disks provided recoveries of 72.2% and 61.9% 

for diazinon and chlorpyrifos, respectively. APPL attempted to improve recovery by replacing this 

initial Empore TM disk with a larger diameter disk. The new extraction disk was employed during a 

period when most of the samples taken were commercial samples, and associated field and 

equipment blanks. 

Recovery results were improved with the larger Empore TM disk as can be seen in the MS results. 

The disks were used on samples extracted on 8/15,8/22, 8/28, and g/3/96. The average MS 

recovery for these four extraction sets were 110.8% and 92.3% for diazinon and chlorpyrifos, 

respectively. Due to this change in sample extraction, the chlorpyrifos results from 8/15/96 and 

g/3/96 did not technically exceed the 94.4% chlorpyrifos upper control limit which was established 

using the initial sample extraction and analysis method. 

Early in the study, it was apparent that matrix effects did not have a major role in the low recoveries 

of either analytes. This was because recoveries of deionized water spikes (D.I. spikes) were close to 

or only marginally higher than the recoveries from MS spikes. If interference from the sewage 

matrix was pronounced, then the D.I. spike recoveries should have been significantly higher than the 

MS spike recoveries. Moreover, when the old disks were replaced, the recoveries of the D.I. spikes 

increased 16% for diazinon and 20% for chlorpyrifos. Assuming that the matrix and other factors 
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remained constant, some phenomena associated with the original set of EmporeTM extraction disks 

were likely the main cause(s) of the lower recoveries. 

Similar recovery problems experienced by several laboratories employing the EmporeTM extraction 

disks prompted the manufacturer (3M) to conduct a follow-up investigation. Recent information 

released by 3M confirmed that low recoveries (40 - 70 percent) resulted when methylene chloride 

and other solvents with low water solubility were used to elute the disks (3M, 1997). 3M theorized 

that the methylene chloride is unable to completely displace the water that saturates the internal 

pores of the disks. Therefore, analyte molecules adsorbed in these regions are not efficiently 

displaced during the elution stage. 3M has since developed a modified procedure which will 

increase recovery when using methylene chloride as an eluting solvent. 

This behavior seems to also explain the observation during method validation in which recovery 

decreased with increasing spike concentration. At lower spike concentrations (e.g. 0.25 and 0.5 

pg/L,), analytes may only have saturated perimeter surfaces of the disk. Subsequent elution with the 

extraction solvent were able to removed most of the analytes. The average percent recovery for 

diazinon and chlorpyrifos at these spike levels were 110% and 78%, respectively. At higher spike 

levels (e.g. 10 and 20 pg/L), the disks were more saturated with analytes. Recall that methylene 

chloride is inefficient at eluting the internal pores of the disks. Thus, the average percent recovery 

for diazinon and chlorpyrifos at these spike levels were 57% and 52%, respectively. 

The low recoveries of the initial disks and their subsequent replacement during the study prompted 

the adjustment of the all the analytical results based on the batch’s average matrix spike recovery. 

For example, if the raw result for a sample was 60 ngL, and the average matrix spike recovery for 

that batch of samples was 50%, the recovery-adjusted concentration would be 120 rig/L.. Raw data 

was adjusted up by as much as 160% for diazinon, and 190% for chlorpyrifos. Conversely, raw data 

from four diazinon batches had to be adjusted down since the replacement disks provided diazinon 

recoveries that were higher than 100%. For the batch with the highest diazinon recovery, the raw 

data was reduced to 82% of their reported values. The adjustment of the data to 100% recovery was 

necessary to allow more consistent comparisons and calculations among the entire data set. 
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Reporting limits were also recovery-adjusted based on the batch matrix spike recoveries. Thus, 

after adjustment, the reporting limit is no longer fixed to the default value of 50 rig/L.. The revised 

reporting limits are now denoted by a “less than” symbol followed by a numeric value (i,e, <46 or 
~65). Adjusted reporting limits are included in Tables Dland D2. 

The relative percent difference (RPD) is the difference between duplicate MS measurements divided 

by the average of the two measurements multiplied by 100. This result gives a general assessment 

of the precision of the method for that extraction set. For the GUNPD method, an RPD limit of 

30% was established by APPL. The average RPD of diazinon and chlorpyrifos were 11.7% and 

10.3%, respectively. None of the extraction sets exceeded the RPD limit. 

In addition to the batch QC samples, 8 in-house blind matrix spikes were analyzed by APPL (Table 

D3). Blind spikes were submitted in pairs in four extraction sets. The holding time between spiking 

and extraction were 6, 14,6, and 8 days for sample pairs 300/301,3 12/3 13,3 10/3 11, and 306/307, 

respectively. The eight samples were filtered CCCSD influent samples spiked at the 250 rig/L for 

both analytes. Of these eight blind spikes, sample pair 306/307 belongs in a sample batch that used 

the new Empore TM disks. These two blind spikes have an average of 255 rig/L (102% recovery) for 

both diazinon and chlorpyrifos. The six other blind spikes have an average of 162 rig/L (65% 

recovery) for diazinon and 155 rig/L (62% recovery) for chlorpyrifos. 

Two split extract samples were also sent from APPL to CDFA laboratory in Sacramento for 

comparative analysis (Table D4). APPL’s analysis of the first CCCSD influent sample-extract 

quantified 140 rig/L for diazinon and ~50 rig/L for chlorpyrifos. CDFA analysis of the same extract 

resulted in 169 and ~50 rig/L,, in the same order. The RPD of the diazinon results was 18.7%. For 

the second extract split, APPL’s results were 8,900 and 2,200 rig/L for diazinon and chlorpyrifos. 

CDFA’s analysis of the same extract found 4,350 and 1680 rig/L in the same order. The RPDs of 

this extract split were 68.7% for diazinon and 27.8% for chlorpyrifos. A review of sample handling 

procedures for the second extract pair showed that they were analyzed 2 weeks apart. The first 

extract pair was only analyzed 2 days apart. 
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Laboratory Quality Control Results 

284 9/l 3196 65.6 
berage 79.5 
Standard Deviation 17.7 
hefficient of Variance 4.5 

l Matrix spikes done at 250 rig/L in sewage. 
** Laboratory control samples done at 250 rig/L in deionized water 

67.4 63.8 5.5 71.2 ~76 
11.5 73.2 
6.6 12.8 
1.7 5.7 



Table D2: Chlorpyrifos Results \ 
Extraction AVeragePerCent PsrcentRecovery rercentUecovary iielativetWcent l-woent i-leoovery awed RRww 

SampleNumbers Data Recoverp MatrixSpikeW MatfixSpikef@ Dlffer~tlB Laborato Contml Sam le** Limit (nglq 

1,5,9,14,18,22,26,30,300, 301 6125196 67.8 71.8 63.8 11.8 69.6 <74 
30 6129196 67.8 67.0 68.6 2.4 71.0 <74 

31,32,33 716196 77.2 69.0 85.4 21.2 64.2 ~65 
34,35,36,37,38,42,43,44,45,4 

.6,47,48,49,50,51,52,53 7/13/96 65.7 65.2 66.2 1.5 84.6 ~76 
54,55,56,57,58,59,60,61, 

62,63&X,65,66, 7118196 61.7 55.2 68.2 21.1 68.2 <81 
67,68,69,70,71,72,78,79,80,8 

1.82.83.84.85.86.87.88.90 7120196 59.5 61.8 57.2 7.7 69.6 44 

I 92.93.99 89,91 7123196 7125196 1 I 61.1 55.7 57.2 63.6 47.8 65.0 28.4 12.8 77.8 91.0 c82 <go 
94,101,105,111,115 7127196 56.5 55.2 57.8 4.6 75.4 c89 

119,124,130,194,205,214, 
199,200,216 7131196 60.6 66.4 54.8 19.1 81.4 ~83 

145,201,202,203,204 815196 1 70.4 69.8 71.0 1.7 69.4 <71 
147,157,133,134,135,136, I I I I I 

172,173,163,167 819196 51.5 54.4 48.6 11.3 56.2 <97 
312,313,137,138,139,140, 

174,175 8/l 3196 51.5 54.4 48.6 11.3 69.0 c97 

220,227,226,219,234,141, 
142.143.144 8/l 5196 95.5 91.0 100.0 9.4 111.0 ~52 

169,148,149,171,310,311 8/16/96 61.5 64.2 58.8 8.8 61.8 ~81 
7 , , I I > 

241,242,243,244,245,246, 
247,248,181,182,183,184 8/l 7196 69.4 66.8 70.0 4.7 55.2 <73 
249,250,251,252,265,266, 

267,268 8122l96 1 88.4 92.0 84.8 8.1 80.2 c57 
269,270,271,272,273,274, / 

I 185.186.275 306,307 8128196 913196 / 1 88.8 96.6 88.2 95.2 89.4 98.0 2.9 1.4 93.4 87.0 ~56 ~52 
187,188,190,192,276,277 9l796 56.8 61.4 52.2 16.2 49.8 c88 
278,279,280,281,282,283, 

284 9/l 3196 58.6 59.4 57.8 2.7 73.0 ~85 
Average 67.7 9.9 74.2 
Standard Deviation 13.8 7.6 14.2 

4.9 

l * Laboratorycontrolsamples done at250 q/L in deionized water. 



Table D3: Blind Spike Results 
vraztnon Recovery 

Sampfe Numbers Date Spiked Date Extracted Diazinon* (ng/Lj Chlorpyrifos* (ng/L) i(“/o) chJorpyrifos Recovery (%) 
300 6/l 9196 6125196 160 160 64 64 

I 3011 3121 7130196 6/l 9196 1 1 6125196 8/l 3196 1 1 200 140 200 140 80 56 80 56 

I 3131 3101 7130196 819196 j 1 8/l 8/l 3196 6196 1 / 160 180 150 150 64 72 60 60 
311 819196 8/l 6196 130 130 52 52 

306** 8120196 8128196 240 240 96 96 
307** 8120196 8128196 270 270 108 108 

* Samples were spiked with 250 rig/L of analyte in a filtered sewage matrix using a 1 -micron pore size filter paper. The reporting limit was 50 ngR. 
** New extraction disks used 

Table D4: Split Sample Extracts 
bract Pair 
Number 
1 (APPL) 
1 (CDFA) 
2 (APPL) 
2 (CDFA) 

Diazinon (rig/L) Chlorpyfifos (rag/L) 
140 <50 
169 <50 

8900 2200 
4350 1680 

RPD (%) 
18.7 
18.7 
68.7 
68.7 

RPD (%) 
n/a 
n/a 

27.8 
27.8 



Appendix E:  Split Sample Comparison



Sewage from various source types (residential, commercial, influent, etc.) was split and sent to 

several participating laboratories for comparative analysis. The exercise was conducted to see if 

similar results could be attained in analyzing for diazinon and chlorpyrifos in a complex matrix. 

Two rounds of split sample comparisons were completed during the course of the study. The first 

began in mid-June and comprised of seven samples. APPL, CCCSD, Aqua-Science, and Dow- 

Elanco analytical laboratories analyzed samples in this first round. The second round began in the 

end of July and continued into August for a total of 19 samples. In addition to the participating 

laboratories in the previous round, the Ciba-Geigy laboratory participated in the second round. The 

sample extraction and analytical method of each laboratory is included at the end of this Appendix. 

Samples to be split were taken in a clean 9.5-L glass composite jar and immediately taken to the 

CCCSD cargo bay. Samples were swirled vigorously for 30 seconds after which a 500~ml aliquot 

was poured through a clean glass funnel into the first l-liter amber glass bottles. Swirling continued 

for another 10 seconds after which another 500~ml aliquot was decanted into the subsequent bottle. 

This process continued until the last bottle of the split was reached. At this point, the bottles were 

filled in the reverse order. The swirling time prior to each fill was increased to 15 seconds. 

Samples were then refrigerated until they were ready to be delivered or shipped out to the 

participating laboratories with packing materials and blue ice. During the second round, attempts 

were made to synchronize the extraction dates to minimize deviations due to differing holding 

times. 

Particulate-filled and heterogeneous sewage medium produce splits that vary in the amount and type 

(bound versus dissolved) of analytes present. This variability cannot be measured based on the 

original design of this split sample analysis. Furthermore, the transport time and storage condition 

for each split depend on its destination. For example, split samples bound for AQUA-Science and 

CCCSD were delivered on the same day they were processed at CCCSD’s Bay 11. Thus, these 

samples were immediately refrigerated and had better temperature control. Samples bound for 

APPL, Ciba-Geigy, and Dow-Elanco were shipped overnight, and arrived at these laboratories at 

least a day later. Improvements were made in the second round by thoroughly cooling down all the 

samples overnight prior to transport. 
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Differences between holding times of each split created additional variability. The holding time is 

defined here as the time period from when the sample was taken until it was extracted (or analyzed 

in the case of ELISA). Holding times differed depending on when each laboratory was able to 

process its sample. During the first round, holding times were more variable. For the second round, 

however, efforts were made to shorten and synchronize the holding times to improve comparability 

of the results. The raw split sample analytical results and sample holding times are presented in 

Table El (Diazinon) and in Table E2 (Chlorpyrifos). 
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Table El: Split Sample Diazinon Concentrations (ng/L) and Days Held (in parenthesis) 

APPL Sample 1 Sample Sample I APPL CCCSD I Aqua-Science I Dow-Elanco I Ciba-Geigy 

I 101 I C I 210 (7) I 235 (n/a) I I 234 (14) I 58 (11) 

101 

105 

111 

Bay 11 

Cl6 

101 

RB 

FB 

C 

<50 (5) 

<50 (5) 

190 (4) 

cl0 (n/a) 

<lo (n/a) 

61 (n/a) 

<30 (4) <25 (12) 14 (9) 

<30 (4) <25 (12) <lO (9) 

218 (3) 197 (11) 120 (8) 

115 I Cl6 I C 9lo(4) 927 (n/a) 829 (3) I 

119 

130 

124 

Cl6 

Cl1 

Bay 11 

C 

FB 

RB 

410 (7) 

<50 (6) 

<50 (6) 

107 (n/a) 

<lo (n/a) 

<lo (n/a) 

280 (6) 461 (12) 420 (7) 

<30 (6) <25 (12) <lO (6) 

<30 (6) <25 (12) <IO (6) 

205 I Cl1 I C 8900 (6) 8383 (n/a) 18060 (7) 1 15850(12) 1 6600 (6) 

214 I Cl1 I C 8700 (5) 1 8125 (n/a) 20200 (6) 13660 (11) I 6200 (5) 

I Cl1 I C 13000 (4) 9336 (n/a) 20280 (5) 1 14120(10) 1 5500 (4) 

157 I 101 I C I 120 (4) I 59 (n/a) I 160 (4) I 153 (3) I 120 (4) 

147 I 101 I FB I <50 (4) I <lo (n/a) I <30 (4) I <25 (3) I <lo (4) 

163 I 101 I C I 470 (3) 466 (n/a) I 752 (3) I 966 (4) I 950 (3) 

167 101 C 330 (2) 390 (n/a) 533 (2) 689 (3) 560 (2) 

220 101 C 130 (7) 224 (5) 139 (3) 210 (7) 

228 101 C 160 (6) 168 (4) 150 (5) 250 (6) 

258 101 C 190 (5) 316 (3) 266 (7) 420 (5) 

234 I 101 C 220 (4) I 365 (2) 336 (5) I 
Bay 11 = CCCSD field operations facility, 101 = CCCSD influent, C# = commercial site, R# = residential site 

** EB = equipment blank, FB = field blank, RB = rinse blank, G = grab, C = composite, n/a = data not available 

First round split results are shaded. 
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Table E2: Split Sample Chlorpyrifos Concentrations (ng/L) and Days Held (in parenthesis) 

* Bay 11 = CCCSD field operations facility, 101 = CCCSD influent, C# = commercial site, R# = residential site 

** EB = equipment blank, FB = field blank, RB = rinse blank, G = grab, C = composite, n/a = data not available 

First round split results are shaded. 
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In the first round, APPL, AQUA-Science, CCCSD, and Dow-Elanco laboratories each analyzed a 

total of seven samples. These samples consisted of one field blank, one equipment blank, one 

residential, two commercial, and two influent samples. The field and equipment blanks and a 
commercial sample were at or below the detection limit and were not used to calculate the relative 

ratio. However, it remained important to show that all the laboratories reported “no detection” or at 

levels close to their respective detection limits. The remaining four samples had concentrations at 

high enough levels for a relative comparison. 

In the second round, the four original laboratories participated with the addition of Ciba-Geigy (note 

that Ciba-Geigy’s laboratory only analyzed for diazinon). A total of 19 samples were split and 

analyzed. These samples included three field blank, two equipment blank, five commercial, and 

nine influent samples. A large number of commercial and influent samples were split because 

concentration levels were expected to be high enough for comparison. Five blanks were also sent to 

each laboratory for analysis. 

The five commercial and nine influent samples contained high enough concentrations of diazinon 

and chlorpyrifos for comparison. CCCSD was unable to analyze five samples. Ciba-Geigy was 

also unable to analyze one sample due to bottle breakage. Four samples were deemed inadequately 

stored after arrival at the Dow-Elanco laboratory although the samples were later analyzed. These 

four samples were marked and were not used for comparison. 

It was not practical to statistically determine the similarities and differences between the analytical 

methods of the laboratories involved. Differences in particulate contents, holding times, transport 

times, and transport conditions may have produced split samples that vary in diazinon and 

chlorpyrifos concentrations. Thus, differences in the results were not necessarily attributable to 

differences in each laboratory’s analytical method alone. For this reason, statistical analyses that 

compare performances of analytical methods such as a linear regression between each laboratory’s 

results may not be very meaningful. Recommendations to improve the comparability of results for 

future comparisons involving a raw sewage matrix are made at the end of this appendix. 

Subsequent discussion of split sample results are done in a more qualitative manner. 
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APPL’s analytical results were compared to those of AQUA-Science, CCCSD, Ciba-Geigy, and 

Dow-Elanco. All data used for comparison in this appendix are raw and not recovery adjusted. The 

average ratios of APPL results to other laboratories for the first and second round of the split sample 

comparison are shown in Table E3. 

Table E3: Average Ratios of Analytical Results by Rounds. 

Laboratory 

APPL:APPL 

AQUA-Science:APPL 

CCCSD:APPL 

Ciba-Geigy:APPL 

Dow-Elanco:APPL 

Average Ratio of Analytical Results Average Ratio of Analytical Results 

(First Round)* (Second Round)** 

Diazinon Chlorpyrifos Diazinon Chlorpyrifos 

1 .oo 1 .oo 1 .oo 1.00 

2.37 2.24 1.38 2.28 

0.57 1.30 0.76 1.59 

n/a n/a 1.16 n/a 

1.57 1.03 1.39 2.33 
* First round ratios based on 4 diazinon and 3 chlorpyrifos results which were above the reporting limit. 
** Second round ratios based on 14 diazinon and 14 chlorpyrifos results which were above the reporting limit. 

The four samples in the first round were pooled with the 14 samples in the second round to produce 

a data set for the entire split sample comparison. The combined first and second round results ratios 

are shown in Table E4. 

Table E4: Average Ratios of Analytical Results for the Entire Split Sample Comparison. 

Laboratory 

APPL:APPL 

Average Ratio of Analytical results 

(First + Second Round) 

Diazinon Chlorpyrifos 

1 .oo 1 .oo 

AQUA-Science:APPL ~~~ I 1.69 I 2.27 

q 

* “Comparable” signifies sample results available that were above th 
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Number of Comparable* 

Results (total = 18) 

17 
reporting limit. 

16 



Average ratios were calculated to estimate the relative magnitude of a particular laboratory’s results 

to that of APPL. APPL was selected as the reference laboratory because its data was used in this 

report. Average ratios which are less than 1.00 suggest that split sample results from a particular 
laboratory have a tendency to be lower than APPL, and vice versa. For example, the CCCSD:APPL 

diazinon ratio of 0.73 means that for the 14 common split samples between the two laboratories, 

CCCSD was producing on average 73% of the value produced by APPL. As another example, the 

AQUA-Science:APPL chlorpyrifos ratio of 2.27 means that for the 18 common split samples 

between the two laboratories, AQUA-Science was producing 227% of the value produced by APPL. 

These ratios do not necessarily show that the results from a particular laboratory always followed 

this relationship. Plots of results ratios of APPL to other laboratories for individual split samples 

(Figures El&E2 on the following page) illustrate this. As an example, although the AQUA- 

Science:APPL chlorpyrifos is 2.27, two of 17 split samples between the two laboratories show that 

AQUA-Science produced lower results than APPL (below the ratio of 1 .OO). Six of 17 results were 

between the ratios of 1.00 and 2.00. Five of 17 results were between the ratios of 2.00 and 3.00. 

The remaining four results were between the ratio of 3.00 and 5.00. 

The coefficient of variance (CV) calculated for each ratio shows the degree of variation that exists 

between each pair of sample to the next. CV values in this case represent the standard deviation of 

each laboratory’s results ratio divided by the mean of each laboratory’s results ratio. Diazinon CV 

values for AQUA-Science, CCCSD, Ciba-Geigy, and Dow-Elanco to APPL ratios were 45,42,55, 

and 26%, in that order. Similarly, chlorpyrifos CV values for AQUA-Science, CCCSD, and Dow- 

Elanco were also high at 49,53, and 54%, respectively. 

The average ratios of analytical results shown in Table E4 indicate that APPL’s diazinon and 

chlorpyrifos results were generally lower than those from other participating laboratories with the 

exception of CCCSD for diazinon. After comparing APPL’s analytical methods and quality control 

data with those of the other laboratories, the difference in the matrix spike (MS) recoveries between 

the laboratories may explain some of the difference in the analytical results. The average diazinon 

MS recoveries for AQUA-Science, CCCSD, Ciba-Geigy, and Dow-Elanco were 104, 82,97, and 
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lOO%, respectively. The average chlorpyrifos MS recoveries for AQUA-Science, CCCSD, and 

Dow-Elanco were 109, 100, and 96%, respectively. For comparison, the average APPL MS 

recoveries for split sample batches were 75 and 66% for diazinon and chlorpyrifos, respectively. 

As previously discussed in Appendix D, the inefficiency of methylene chloride in eluting the 

original set of EmporeTM extraction disks likely caused lower recoveries. 

For a more accurate measurement of performance in future studies, several tasks are recommended. 

First, the degradation rates of diazinon and chlorpyrifos in raw sewage under various storage 

conditions need to be quantified. Second, individual spikes of organic-free water with carefully 

measured amounts of diazinon and chlorpyrifos should also be analyzed by each laboratory. Third, 

if splitting of raw sewage samples are going to be done, the variability of the splitting technique 

itself needs to be measured. This determination should focus on quantifying the amount of solids in 

each split. Furthermore, the improvement of temperature storage conditions prior to shipment as 

well as the minimization and synchronization of holding times will help keep splits more identical 

prior to analysis. 

In addition to these recommendations, peer review of the extraction and analytical procedures of 

each laboratory is recommended particularly if the procedures used are new or experimental. A 

minimum level of quality control data needs to be established and shared in a timely manner. 

Statistical goals should also be established prior to the initiation of a comparison. Additional items 

will need to be considered based on specific requirements of future study objectives. 
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STANDARD OPERATING PROCEDURE 

Diazinon and Chlopyrifos (Dursban) by SMM 
(revised l/ 1996) 

1. SUMMARY: 

A measured amount of sample is spiked with diazinon-d10 serving as internal standard and is 
extracted with methylene chloride using continuous liquid-liquid extraction technique at pH 2 for 
1 S hours. The extract is dried with anhydrous sodium sulfate and concentrated to a final volume 
of 1.0 ml and then analyzed using a GUMS on selected ion monitoring acquisition mode. 
Quantitation is performed by internal standard method. Ttic ~CauUc:O i>K& PilbUlOE5 IL TWO 
f&U @G&NA L AE\JkY4L 5 (34513 ON &t’ZtillDN 7rictG leNi3 S?CCTcLRc rDChlnF~c&Tlo~ Or- Vho 

The follo&ng Standard Operating Procedures should be referred to during the analysis of sample 
for Diazinon and Dursban: 

- Sample Bottle Preparation 
- GUMS QA/QC for SIMM 
- Continuous Liquid-Liquid Extraction 
- Gel Permeation Chromatography Sample Clean-up 
.. Alumina-Silica Gel Sample Clean-up 
- GUMS Setup and Preparation for Data Acquisition 

1.1 List of Analytes: 

order of elution: 
1 
2 
2 
3 
3 

CAS: 
n/a 
333-41-5 

2921-88-Z 

analyte monitoring ion 
Diazinon-d10 (IS) 314.16 
Diazinon 304.10 

137.07 
chlorpyrifos 3 13.96 

196.92 

2. MATERIALS: 

- For materials and equipment necessary to carry out liquid-liquid extraction steps, see liquid- 
liquid extraction S.O.P. 
- Autosampler vials: Supelco cat 2-7323 
- Vial inserts: Chromacol cat 03-MTV 
- Base springs for vial inserts: Chromacol cat MTS-1 
- Crimp vial caps: Chromacol cat 1 l-AC-ST1 01 
- Fused silica capillary analytical column: DB-Sms 30 m, 0.32 mm, 0.25 urn: J&W cat 123-5532 

2.1 Reagent 

- Diazinon-dl0: from Cambridge Isotope Laboratories (800) 322-l 174, cat. DLM. Prepare a 10 
ug/ml secondary standard solution from this neat standard in methylene chloride. -. 
- Diazinon: from Accustandard (800) 442-5290, cat. P-033& 100 ug/ml in methanol. This is a 
primary standard solution. 



- Chlorpyrifos (dursban): from Accustandard, cat. P-094s. 100 u@ml in methanol; this is a 
primary standard solution. 

3. QUALITY CONTROL, QUALITY ASSURANCE: 

- Follow instruction in the QA/QC for SIMM S.O.P. Make sure to meet criteria for DFTPP, 
initial calibration, second source standard calibration check, and continuing calibration check 
before proceeding to sample injection. 

4. SAMPLE COLLECTION and PRESERVATION: 

- Use an amber glass bottle with Teflon-lined cap. Prepare the bottle following the “Sample 
Bottle Preparation” S.O.P. 
- Collect 1000 ml sample in a cleaned bottle and refrigerate the bottle immediately if the sample is 
not extracted within next two hours. 

5. SAMPLE EXTRACTION: 

- See the “Liquid-Liquid Extraction” S.O.P. 

6. SAMPLE CLEAN-UP: 

- If necessary. See appropriate sample clean-up method S.O.P. 

7. INSTRUMENT PREPARATION: 

7.1 GC Temperature Program: 

hold time temp rate 
(mins) (C) (C/mm) 
0.00 
1.00 55 15 
0.00 150. $ 
0.00 200 35 
5.00 280 

valves (mins) 
purge split 
1.0 1.0 

Injector temp: 250 C 
MS interface: 250 C 

- Now follow instruction in the “GC/MS Setup and Preparation for Data Acquisition” S.O.P. 

8. SAMPLE INJECTION and DATA ACQUISITION: 

S. 1 Sample List 

OPPMETN. WPD 2 



- A basic sample list (in MassLab) should contain the information like the example followed: 

bottle datatile ___ ~ 
1 OPPOO 12 
2 OPPOO 13 

&xJ IrE c~nc peakdetection 
1000 ng/ml OPP std standard 1000 no 
Raw Infl lab # 3065 unknown 0 no 

quantib 
no 
no 

quantifimethod 
OPPSIM 
OPPSIM 

calibrationfile ASfile GCfile MSfile 
OPP 1227 OPP OPP OPPSIM 
OPP1227 OPP OPP OPPSIM 

- Enter appropriate imormation for: 

bottle number, 
. datafile name, 
. sample description text, 
. type (standard or unknown), 
concentration (non-zero.for standard, zero for unknown), 

. peak detection (N to acquire data, Y to detect peaks), 
quantify (N when acquire data and detect peaks, Y to quantify integrated peaks), 

. quantify method, 

. calibration file name, 

. autosampler method file name, 

. GC method file name, 

. acquisition method file name. 

8.2 Autosampler Vial Preparation: 

- Clearly label autosampler vials. 
- Insert a bottom spring and a vial insert into the labeled vial. 
- Transfer about 100 ul of sample extracts into vial insets and crimp cap the vials. 
- Place vials on the autosampler’s tray in their exact positions assigned on the sample list above. 

8.3 System Verification and Start: 

- Review over the “GUMS Setup and Preparation for Data Acquisition” S.O.P. one more time to 
make sure that parameters entered are correct and everything is ready. 
- Turn on the filament. . 
- From the sample list menu, select “acquire data” but not “measure data” 
- Execute sample injection and acquisition by starting the sample list 

9. DATA PROCESSING: 

- See “Data Processing ” s.o.p. 
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STANDARD OPERATING PROCEDURE 

Continuous Liquid-Liquid Extraction 
(revised I/ 1996) 

1. IMATERIAL: 

I. 1 Equipment: 

- Continuous liquid-liquid extractor equipped with glass connecting joints and stopcorks 
requiring no lubrication. 
- Heating water jacked 10 ml Kudema-Danish concentrator tube with ground-glass stoppers. 
- Vials: 1.8 ml amber glass with Teflon-lined screw cap 
- Micro-pipetters capable of delivering 10.0 ul, 20.0 ul, 50.0 ul, 100.0 ul volumes 

1.2 Reagents: 

- Reagent water: UV treated OrganicPure Bamstead water 
- Anhydrous sodium sulfate: Granular, fired in a muffler furnace at 550 C overnight 
- Sulfuric acid 6N free of contaminations 
- Acid surrogates mixture 
- Base-Neutral surrogates mixture 
- Base-Neutrals/Acids spiking mixture 

2. PROCEDURE: 

2.1 Recommended Sample Sizes: 

Raw influent: 1000 ml _, 
Final effluent: 1000 ml 
Source control samples: 100 ml 
STLC extracts: 20 ml for cake, 100 ml for others 
TCLP extracts: 20 ml for cake, 100 ml for others 
Septic tank samples: 10 ml 

2.2 Procedure: 

- Fill out a sample work-up sheet as the procedure is being carried through. 

- Set out the Liquid/Liquid extraction pieces that will be needed for the number of samples you 
have. Rinse all glassware twice with methanol and once with methylene chloride. 

- Assemble the extraction apparatus and turn on the water bath so it can reach 75 C. Open the 
valve on the water bath such that water now circulates into the water-jacketed Kudema-Danish 
concentrator portion of the extraction apparatus. 

- Measure out 450 ml of Methylene Chloride and pour into the main body of the Liquid/Liquid 
extractor. 

LIQEXTR WPD 
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- Add 1000 ml of sample or any other acceptable sample size depending on how dirty the sample 
is. 

- Add to the sample about 3 g of sodium sulfate 

- Acidify the sample to pH 2 by adding 1 ml of 6N Sulfuric acid; Verify the pH using a pH paper 
strip. 

- Add the following compounds to all samples prepared for 625 extraction 
_ 250 ul of a 200 ug/ml Acid Surrogate Solution 
_ 250 ul of a 200 @ml Base Neutral Surrogate Solution 

- If the samples is to be spiked for 625 analysis add: 
1000 ul of a 50 &ml matrix spiking solution. 

- When a sample is to be extracted for Diazinon and Dursban the following must be added to each 
extraction vessel: 

1000 ul of a 1000 ng/rnl Diazinon d 10 solution 
1000 ul of a 1000 r&ml Diazinon and Dursban for matrix spike if needed. 

- Allow the samples to extract for 18 hrs. 

- Concentrate the samples by closing the isolation valve that will allow solvent to be evaporated 
and recondensed into the main extraction chamber but will not allow any more solvent into the 
Kudema-Danish/concentrator section of the extraction apparatus. Once most of the solvent has 
been removed water circulation can be stopped. The concentrator tube will come to ambient 
temperature. Go to the sample clean-up steps if required. 

- Concentrate the extract to 1.0 ml by nitrogen blow-down using nitrogen supply taps on the 
extraction platform. This step is carried through at ambient temperature (no hot water running in 
water jacket) 
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STANDARD OPERATING PROCEDURE 

i.., 

GUMS QNQC for SIMM 
(revised I / 1996) 

I. GENERAL: 

T:jy,o.:s + “ .vI.LXW mass detector, GC 8060 gas chromatograph and AS 800 autosampler are used for 
a;!.-!lyzing si.:mivolatile organics by selected ion monitoring (SIMM) method, Currently employed 
!‘or PCB congeners, PAHs and Diazinon/Chlorpyrifos analysis. 

The GCMS is hardware-tuned to meet the spectral criteria in SW-846 method 8270 for a 50 ng 
injection of decafluorotriphenylphosphine (DFTPP). Analysis is not started until these criteria are 
met. The criteria is demonstrated during each 12 hour period. 

2. CALIBRATIONS: 

.Five calibration points are analyzed to produce the instrument’s initial calibration. The relative 
standard deviation of the five point’s response factors must be less than 30% or the calibration is 
repeated or the mass spectrometer needs to be retuned and calibrated. The calibration is verified 
by running an independent second source standard. The standard must be within 30% of it’s 
certified value. If the standard does not meet established criteria, appropriate corrective action is 
taken. 

The midpoint standard is used as the continuing calibration check standard (CCCS) for each day 
or every 12 hour of data acquisition. The CCCS must also be within 3d”/, of the initial calibration. 
‘tihen it falls out of calibration, a new calibration curve is run. 

Xl solutions used for calibration are purchased through reputable vendors and have values 
certified to 99 +% accuracy. The certified values are traceable to MST. When solutions are 
prepared, all preparations are logged into the standards logbook located in the GUMS section. 

3. REAGENTS: 

Reagent water is generated from the BarnStead OganicPure system which should be 
demonstrated to be free from contamiation. 

Primary standards are purchased from vendors who have QA programs traceable back to MST; 
Keep them up to expiration date; Opened vials are kept up to one year. 

&csodary standard solutions are the intermediate and are prepared from primary standards; 
Keep them up to one year or when they show signs of degradation. 

Working standards are calibration and spiking solutions. They are normally good for one month. 

F?.eccxd all standard solution peparation with vial numbers in the standard log. Store all standard 
s':liIf.,:jYi,C, . I at 4C in I .8 ml vials with Teflon-lined caps. 

4. SLANK, MS and MSD: 

SI,MMQAQC.WPD 1 



Analyze a method blank, a matrix spike and matrix spike duplicate for every 5% of number of 
samp!es or every batch of samples which ever is more frequent. 

5. MAINTENANCE: 

,, .I : 
I. i ‘yri->r.:ent maintenance is performed according to manufacturer-recommended procedures. 
3, ..‘.:;ezr!ce calls and work orders are logged into the system’s maintenance logbook. 

6. RECORD-KEEPNG: 

1: a par-t of the overall protocol to keep legible, complete and up-to-date all records of 

Sample collection and extraction and sample run-log in the SAMPLE WORK-UP binder. 
Standard preparations in the STANDARDS binder. 
Instrument tuning and mentainance in the SEMIVOLATILES MAINTENANCE binder. 
-Most current nitial calibration and second source standard check, MDL, method parameters and 
other references in the specific method’s QA binder 
Data accquisition and processing in data directory folders and file them in the data hardcopy 
cabinet. 

For each data directory, backup to tape the following files 

raw data subdirectory: masslab\data\yymmdd\*.raw 
most current acquisition method files: massIab\acqsmpdb\opp.* 
calibration curve file: masslab\curvedb\opp????.cdb 
current quantify method: masslab\methdb\oppsim.mth 
peak list files: masslab\peakdb\pah????.pdb 

Piame each group of files the same name as the sample list name (same as the day directory for 
raw data). 
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MILLIPORE 

EnviroGard? Diazinon Plate Kit 
ENVR PO0 32 

Intended Use 
The EnviroGard Diazinon Plate Kit is a quantitative 
laboratory test for the detection of diazinon residues 
in water. 

Test Principles 
The EnvitoGard Diazinon Plate Kit is based on rhc 
use of polyclonal antibodies which bind either 
diazinon or a Diazinon-Enzyme Conjugate. These 
antibodies are immobilized to the walls of the test 
weIls. When diazinon is present in the sample, it 
competes with Diazinon-Enzyme Conjugate for a 
limited number of antibody binding sites. 

1. 

2. 

3. 

A sample containing diazinon is added LO a test 
well, followed by Diazinon-Enzyme Conjugate. 
The Diazinon-Enzyme Conjugate competes with 
the diazinon for the antibody binding sites, 

After this mixture is incubated for 1 hour, 
unbound molecules are washed away, 

A clear solution of chromogenic Substrate is then 
added to rhc test well. In the prcscncc of bound 
Diazinon-Enzyme Conjugate, the Subslraie is 
converted to a compound which turns blue. 
One enzyme motccute can convcft many 
Subsuacc molcculcs. 

Since there are the same number of antibody 
binding sites on every test well, and each test well 
rccctvcs the same number of Diazinon-Enzyme 
Conjugacc molcculcs, a sample which comains a low 
concentration of diazinon allows the antibody to 
bind many Diazinon-Enzyme Conjugate molecules. 
Therefore, a low concentration of diazinon will 
produce a dark blue solution. 

Conversely, a high concentration of diazinon will 
allow fcwcr Diazinon-Enzyme Conjugate molecules 
co bc bound by the antibodies, resulting in a ltghter 
blue .solution. 

Note: Color is inversely proportional to dtazinon 
concenu-ation. 

Darker color - lower concentration. 
Lighter color - higher conccntrafion. 

Performance Characteristics 
The EnviroGard Diazinon Plate Kit is very specific 
for diazinon and is essentially non-reactive, with the 
exception of pirimiphos-ethyl and pirimiphos. 
methyl, to closely-related organophosphate corn- 
pounds and other pesticides. The following chart 
shows the concentration yielding 50% w and the 
approximate concentration yielding 85% E$,, which 
is the Lower Limit of Detection (LLD), for a number 
of compounds. Concentrations are in parts per 
trillion (ppt) or parts per billion (ppb). . , 

’ M Bo - average op~i~rl densiry (OD) of the alibraor or 
sample divided by the average OD of the negative control, 
multipIled by 100 (see ‘Calculate the ResuW.) 

The following compounds are not detected at 1000 
wb: 
Etrimfos Fenitrothion DbT ’ 
Fcnsulfothion Fenchlorphos Diuron 
Bromophos firomophos-Methyl 
Tetrachlorvinphos Parathion 
Methyl-Parathion Paraoxon 
Chtorpyrifos Chlorpyrifos-Mcthyt 
Azinphos-Methyl Fenamiphos 
Mcthidathion Dicapthon 
Tcmcphos C’ythioate 
Atrazine Simazine 
Chlorthal Dieldrin 
Molinate Diazinon Hydroxypyrimidine 

Metabcdik 

Precautions 
l Score all plate kit components at 4°C CO 8“C 

(39OF to 46’~) when not in use. 

l DO not freeze plate kit componcnu or expose 
them to temperalures grcatcr than 37OC 09°F). 

l Attow at1 reagents LO reach ambient temperature 
(18Oc t0 27OC or 64017 CO 81°13 before beginning 
rhc ICSL. 

l Do not expose substrate to direct SUSI.L@L 
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l Do not USC plate kit components aficr the 
cxpifation date. 

l Do not use reagents or test well striys from one 
plate kit with’ reagen& or test well strips from a 
different plate kit. 

l Do not dilute or adulterate test reagents or USC 
samples not called for in the ccst procedure. 

. Tightly re-cap the Diazinon Stock Solution after 
use to avoid evaporative losses. 

l Use approved mcrhodologics to confirm any 
positive results. 

l Some solutes and particulaces found in un- 
treated ground or surface waters may affect the 
sensitivity level of this plate kit. 

l Aqueous solutions of diazinon are affected by 
.acidic conditions. Collect all samples and 
prepare all calibrators in glmware that has been 
rinsed free of all acidic detergent residues. 

Materials Provided 
Make sure you have the following items in your 
plate kit: 

8 antibody-coaled strips (12 wells each), in strip 
holder 

1 vial of 100 nanogram/milliliter (ng/mL) Diazindn 
Stock Solution 

1 vial of Diazinon-Enzyme Conjugate 
1 vial of Substrate 
I vial of Stop Solution 

Materials Required - Not Provided 

. You will also need these other items: 

6 10 mL volumetric flask 
. positive-displacement pipette which will 

measure 50 microliters @ .I.) 
. disposable-tip pipette which will measure 

100 JlL 
. pipene(s) which will measure 0.3. 1.0, 4.0 and 

4.7 mL 
. Milli-RO@ or Milli-@ water (or the quivalcnt) 

for alibrator preparation 
l glass tubes or vials for calibrator preparation 
. marking pen 

. cape or Parafilm@ 
l timer (1 hour and 30 minules) 
. tap or distilled water for rinsing w&s 
l orbital shaker (optional) 
. microtiter plate reader or strip reader 
. calculator which performs linear regression 

(optional) 
- microtiter plate washer (optional) 
l a multi-channel pipette (optional) 

Prepare The Calibrators 
The EnviroGard Diazinon Plate Kit contains a 100 
ng/mL (100 ppb) Stock Solution of Diazinon in 
methanol. Do not use tbe stock solution direct& 
is tls crssay. This Stock Solution must be diluted 
in labontoty grade waler in order to prepare 30, 100 
and 500 ppt calibrators. 

Note: Accurate pipetting of the Stock Solution and 

1. 

2. 

3. 

4. 

5. 

thorough mixing of the calibrator solutions 
arc critical to the pefformancc of this assay. 

. 
EC certain that the 100 @ m l. Diazinon Stock 
Solution is at room tempcrarure. Gently swirl 
the vial to mix before pipctting. 

Preparc the 500 ppt calibrator by pipcrring 50 PL 
Diazinon Stock Solution into a 10 m t volumetric 
flask (use a positive-displacement pipette to 
measure the Stock Solution,). W ing it to volume 
with Milli-Q or Milli-RO water (or the 
equivalent). 

Prepare the 100 ppt calibrator by mixing 1.0 m1. 
of the 500 ppt calibrator with 4.0 mC water. 

Prcparc the 30 ppt calibrator by mixing 0.3 ml, 
of the 500 ppt calibntor with 4.7 mL water. 

Milli-Q or .Milli-RO water (or the equivalent) 
alone will be used as the Negative Control. 

Note: These aqueous calibrators may be unstable 
and should be prcparcd fresh just prior to 
USC. 

Assay Procedure 
The raised markings on the scrip holder identify tile 
wclI location while you add the rcagcncs and 
samples. To add the calibrators, Samples, 
Conjugate, Substrate, and Stop Solution, a 100 )LL 
pipclle must be used, 
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Envirffird Diazinon Pfo~a Kit 3 

1. Two strips may be used to run the Negative 
Control , three calibrators , and eight samples in 
duplicarc, For example: 

Negative Control (C) 
Calibrator 1 (Cl) - 30 ppt 
Calibrator 2 (C2) - 100 ppt 
Calibrator 3 CC31 = SO0 ppt 
Samples (SI, S2, S3, etc.) 

Note: When you USC fewer than eight strips, 
remove the unnecdcd strips and store them 
at 4°C to 8°C (39’P to 46V) in the re- 
sealable plastic bag (with desiccant) 
provided. 

2. Add 100 PL of Negative Control (C) end etch 
calibrator (Cl to C3), and 100 fl. of each sample 
(Sl lo 93) LO their respective wells, as shown 
above. 

3. Using the same order of addition, add 100 ~1, of 
Diazinon-Enzyme Conjugate to each well. 

Note: Jf you arc running more than rhrcc strips, it 
is recommended that a mu!ti-cha-nnel 
pipette be used in steps 2, 3,7, and 9. 

4. 

5. 

6. 

Thoroughly mix the contents of the wells by 
moving the strip holder In a rapid circular . motion on the benchtop. & nr_ehLldot to w 
m 

Cover the wells with tape of IJarafil,m to prevent 
cvoporalion and incubarc at ambient ccm- 
perature for 1 hour. During incubation, orbital 
mixing at 200 rpm is preferable, but not 
mandatory. 

After incubation, olrefully remove the covering 
and vigorously shake the contents of the wells 
into a sink. Flood the wells comptcrcly with 
cool running tap water, lhen shake to empty, 
Repeat this wash step five rimes. lnvcn the plate 
and lap out as much water as possible. 

7. 

8. 

Nternalivcly, USC a microtiter pla[e washer for 
the wash steps. 

Add 100 PL of Substrate to each well, beginning 
with the negative contrd 03 and calibrators (~1 
to C3). hen the safnplcs (Sl to s8). 

Mix the contents of the welts, as in step 4. Cover 
the wells with new tape or Patafilm and 
incubate at ambient temperature for 30 minutes. 
During incubation, orbital mixing at 200 rpm is 
preferable, but not mandatory. 

Warning: Stop Solution Is I N hydrochloric 
add. Handk ca=fmy. 

9. Add 100 )LL of Stop Solution to each well and 
shake to mLx thoroughly. This will Lurn the 
solution yellow. 

Note: Read rhc piarc as soon as possible. The 
color is unstable beyond 30 minutes. 

Interpret The Results 
Spectrophotometric Measurement and 
Analysis 

1. 

2. 

3. 

Adjust the wavelength of’ your microtiler pIale 
tcadct to 450 nanomctcrs (nm). (lf it has dual 
wavelength capabilky, USC 600 or 650 nm as thC 
*reference’ wavelength.) 

If the plate reader does not auto-zero on air, 
zero the instfument against 200 IJ.L wafer in a 
blank well, then measure and rccoid the optical 
density (OD) of each well’s conten&. Or, 
measure and record the OD in every well. then 
subtnct the OD of the water blank from each of 
the readings. 

If the microtircr place teadcr you are using has 
data reduction capabilities, use a semClog cunx 
fl for the standard curve, You an also akdate 
the results manually as described in rhe next 
section. 
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Calculate the Results 
1. After the wells have been read, average the OL) 

of each set of calibrators and samples, and 
calculate the %R, as follows: 

a %B, - ~of~ror& x 100 
average OD of negative conf.rol 

2. 

ICocfficienr of Variation - (standard 
deviation/m&an) x IO01 for the calibrator 
OD values should not exceed 15%. 

Graph the %lI& of each calibrator against its 
diazinon concentration on a semi-log sale (see 
‘samp& alcukacbrrr”). 

The %B, calculation is used as a means of 
equalizing different runs of an assay. While Lhe 
raw OD readings of negative controls, 
calibrators, and samples are likely to differ from 
run lo Nn, the %U, relationship of calibrators 
and samples to the negative control should 
remain fairly constant. 

3. 

4. 

NOTE: To ensure accurate results, you should meet 
the following guidelines for each of the 
three calibrators you are testing. The %CV 

Determine the diazinon concentration of each 
sample by finding its WB, value and the 
corresponding concentration level on the graph. 

lnlerpolation of sample concentration is only 
valid if the %B, of the sample falls within the 
range of the %B,‘s set by the alibrators. If the 
MB, of a sample is lower than that of the highest 
calibrator, dilute that sample with laboratory 
grade water so it falls on the standard curve 
when you nm the assay again. 

sample Calcutations 
Well contents OD Average ODASD- ‘ %CV %l$ Ditinon cont. (ppt) 
Ncgacive Control 1.507 1.479 * 0.040 2.68 100.0 N/A 

1.451 
30 ppt Calibnror 1.082 1.058 k 0.034 3.21 72 N/A 

1.034 
100 ppr Calibrator 0.6~0 0.652 f 0.004 0.54 d” --- N/h 

SO0 &lil>ntor 
0.655 

ppt 0.227 0.216 4 0,016 7.55 1s N/h 
0.204 

Sample 0.859 0,833 f 0.037 4.41 56 61 
0.807 

~crurl values may vary; lhis dau is for cxamplc purpoxs only. 

‘* sandard deviation 

100 

Dkuinon ConcontraUon (ppl) 

- 
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. Aqueous solutions of chlorpyrifos may stick Co 
plastics and arc destroyed by alkaline 
conditions. Therefore, collcc~ all samples and 
prepare all calibratars in filassware that has been 
rinsed free of all alkaline dcrcrgent residues. 

l Store chlorpyrifos sampI& and solutions in glass 
containers. 1h not store them in plastic. 

. Tightly recap the Chl0rpyrifos Slack Solu~iotls to 
prevent evaporative l0SS. 

l use approved rnah0dologics to confirm results. 
l Do not expose substrate to direct sunlight 

Materials Pravided 
Make sure you have the following items in your 
place kit: 

antibody-coated scrips (12 wells each), in strip 
holder 
vial of 1.0 part per million (ppm) ChlorpyrifOs- 
ethyl Stock Solution 
vial of 1,O ppm Chlorpyrifos-methyl Stock 
Solution 
vial of Chlorpyrifos-Enmnc Conjugarc 
vial of Substrate 
vial of Stop Solution (Caution! 1,ON Hydrochloric 
Acid) 
vial of 5X Diluenc (For Grain Extra Only) 

Materials You Provide 
You also riced these items: 
. 
. 

. 

. 

. 

. 

. 
l 

. 

. 

. 

. 

. 

c 

. 

100 milliliter (mL) glass voiumctric flask 
Positive-displacement pipcttc and Lips thal will 
rncasurc 10 mlcroliters (PI,) 
Disposable-tip pipette and and disposable tips 
that will measure IOO SL 
Pipettes that will measure 0.5 ml,, 2.0 ml., 3.0 
mL, 5.0 m I., 7.0 mL, 8.0 ml., 9.5 ml. and 10 ml.. 
Milli-Q* or Milli-HC>* Wafer (or cquivalenl) for 
calibrator preparation 
Glass tubes or vials for calibrator preparation 
Caution: DO noL USC plaslic:. 
marking pen (indelible) 
Cape or Parafilm@ 
rimcr (1 hour and 30 minutes) 
lap or distilled water for rinsing wells 
microtitcr plate reader or sLrip reader 
a multi-channel pipette (optional) 
microlilcr plate w&trcr (optional) 
orbital shaker (optional) 
cAculator (optional) 

Sample Collection and Storage 
Chlorpyrifos breaks down under alkaline condiQon.q. 
If your samples are not. stored frozen or analyzed 
immediately after collection the samples should bc 
buffered to a neutral or sli&r.ly acidic pH. 

Prepare the Calibrators 
TIC EnviroGard Chlorpyrifos Plate Kit contains a 1.0 
ppm Stock Solution of chlorpyrifos-ethyl and a 1.0 
ppm Stock Solution of chlorpyrifos-methyl. Both are 
in methanol/acetic acid. The kit can be calibrarcd 
with either chlorpyrifos-ethyl or chlorpyrifos-methyl. 

CAUTION: 110 riot use these Stock Solutions 
directly in the assay. 

The Stock Solutions must be diluted in laboratory- 
grade.watef. Use Milli-Q or Milli-RO water (or [he 
equivalent) as a Negative Control -ii each assay. 

Chlorpyrifos-ethyl Calibrators 
1. Make sure rhc 1.0 ppm Chlorpyrifos-ethyl Stock 

Solution is at room temperature. Gently swirl 
the vial co mix bcf0rc pipctting. 

2. Prepare a 1.0 ppb calibralor by using a positive- 
displacement pipette to pipette 1O ~1. 
Chlotpyrifos-ethyl Stock Solulion inLo 10 ml. 
Milli-Q or Milli-RO waler (or the equivalent). 

3. Prcparc a 0.3 ypb calibrator by mixing 3 .O ml; of 
the 1,O ppb calibraror with 7.0 mL of waler. 

4. Prepare a 0.05 ppb calibratar by mixing 0.5 ml. 
of the 1.0 ppb calibrator wilh 3.5 ml, of water, 

CAUTION: hccuratc pipetting of the Chlorpyrifos- 
elhyl Stock Solution and thorough 
mixing of the calibrator solutions are 
critical to the pcrformancc of this 
assay. Thcsc aqueous calibrators arc 
unstable and should be prcparcd 
immediately heforc USC. 

Chlorpyrifos-methyl Calibrators 
I. Make sure the 1.O ppm Chlorpyrifos-methyl 

Stock Solution is at room temperature. Gently 
swirl the vial to mix before pipetting. 

2. Prcparc a 0.1 ppb calibrator by using a posilivc. 
displacement pipcue to pipette 10 Na 
Chlorpyrifos-methyl Stock Solurion into 1OO ml. 
of Milli-Q or Milli-KO water (or the equivalenL) 
in a 1OO mL volumetric flask. 

3. Prepare a 0.05 ppb calibrator by mixing 5.0 W . 
of the 0.1 ppb calibrator wirh 5.0 ml. of Water. 
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&wL!PORE 

EnviroGard” Chlofpyrifos Plus Kit 

ENVR PO0 18 

The EnviroGard Chlorpyrifos Plate Kil is a 
quantitative laboratory test for the detection of 
chlorpyrifos-ethyl or chlorpyrifos-methyl in waler. 
The kit can be calibrated with chlorpyrifos-clhyl or 
chlorpyrifos-methyl. An allached application sheet 
for analysis of chlorpyrifos-methyl in grain CXwdCLs 

is included. 

Test Principfes 
The EnviroGard Chlorpyrifos Plate Kit uses 
polyclonal antibodies which bind either ChIorpyrifos 
or a chlorpyrifos-enzyme conjugate. These 
antibodies arc immobilizd to the walls of the test 
wells, Chlorpyrifos in the sample competes with Ihe 
chlarpyrifos-enzyme conjugate for a limited number 
of antibody binding sites, Jn the assay procedure 
you will: 
1. 

2. 

3 . . 

Add a sample containing chlorpyrifos to a test 
well, foliowed by chlorpyrifos-enzyme 
conjugate. ‘I’he chlorpy&s-enzyme conjugate 
compcles with the chlorpyrifos for the antibody 
binding situ. 
Wash away any unbound malccules after you 
incubate Lhis mixlun: for 1 hoist . 

A clear solution of subsva~c is lhen added to the 
I~SL well. In the prescncc of bound chlorpyrifos 
en*zymc-conjugacc, tflc substrate is converted to 
a compound which Lurns blue, One enzyme 
molecule can convert many substratc molecules. 

Since the same number of antibody binding sites are 
availahlc on every ~CSL well, and each tat well 
receives the same number of chlorpyrifos-cntymc 
conjugate molcculw, a sample which corlbim a low 
concentration of chlorpyriffis allows the antibody lo 
him-i many chlorpyrifos-enzyme conjugate 
rnalccules. Ihe result is a dark blue solution. 
C:onversely, a high concentration of chlorpyrifos 
allows fcwcr chlarpyrifos-enzyme COnjlJgatC 

molecules to be bound by rhe antibodies, resulting 
in a lighter btuc soluUon. 

NOTE: Color is inversely proportional 10 
chlorpyrifos concrntrarion. 

fhrlccr color - 10wCr concxznlration 
Lighter color - Irighcr conccnlralion. 

t Comoound 
I 

I 

Chlorpytifos-Ethyl . 

Chlorpyrifos-Methyl 
*;rlrl-** 7 n..z-r:- - * 

zinphos 
-L.-L.., ,A. ..I 

Precautions 
. 

. 

. 

. 

. 

. 

. 

SLotc all plate kil componcn& a~ 4 
(33°F to 46°F) when not in use, 
Do not store tczl kit componems for 
8 hours at ambient temperatures 
Or 68OF to WF). 

Do not freeze plare kit components 
f 

t cxp~~se 
them co Lemperalures greater than 37Oc (pP”13. 
Allow all reagents to reach ambient 
Fi,“zso 27°C or 64°F LO BYor) bcforc 

. 
Do nor use plate kit components 
cxpintion dart. 
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4. Prepare a 0.02 ppb calibrator by mixing 2.0 ml. 
of the 0.1 ppb calibraror with 8.0 rnL OC waccr. 

CAUTION? Accurate pipctting of the Chlorpyrifos- 
methyl Stock’ Solution and thorough 
mixing of the calibrator solutions arc 
critical t0 the? perfofmancc of this 
assay. These aqueous calibrators are 
unstable and should be prepared 
immediately before use. 

Assay Procedure for the Detection of 
Chlorpyrifos in Water 
The raised markings on the strip holder identify the 
well location as you add the reagents and samples. 

1. Two strips may be used to Nn the Negatjvc 
Control, three Calibrators and eight samples in 
duplicate. For example (using Chlorpyrifoscthyl 
calibrators): 
Negative Control (CI - Milli-Q or Milli-RO warer 
Calibrator 1 (Cl) - 0.05 ppb calib~or 
Calibrator 2 (C2) - 0.3 ppb calibrator 
Calibrator 3 (C3) = 1.0 ppb calibrator 
Samples (Sl, S2, 53, $4, S5, S6, S7 and S8> 

P j I-l--l I I I I - I 
G 1 

1 

11 1 I I I I I I : I I 

NOTE: When you use fewer than tight strips, 
remove the unncedcd strips and store them 
at 4°C to B°C in the re-sealable plu;tic bag 
(with desiccant) provided, 

2. Add 100 ~1. of Negacivc Control (Cl), each 
calibrator (Cl to C3), and cacfl sample (Sl to S8) 
LO their’ rcspcctivc wells, as shown above. 

3. Add 100 pL of Chlorpy~ifos Enzyme Coniugatc to 
each well in the same order ol addition as 
calibrators and samples. 

NOTE: lf yotl are running more than three strips, 
you should use a multi-channel pipette in 
seeps 2, 3, 7 and 3. 

4. ‘Ihoroughly mix LIIC contents of the wells by 
moving the strip holder in a rapid circular 
motion on I he benchtop. 13~ careful nor la spill 
Ihe contents. 

5. 

6. 

7. 

8. 

Cover the wells with lape or Parafilm to pfcvent 
evaporation and incubate at ambient 
temperature for I hour, During incubalion 
orbital mixing at 200 revolutions per min& 
(rpm) is rccommendcd, but not mandatory. 
After incubation, carefully remove the Covering 
and vigorously shake the contents of the wells 
into a sink. Flood the wells completely with cool 
running tap or distilled water, then shake to 
empty. Repeat this wash step five times. Invert 
the plate and tap out as much water as possihlc. 
Alccrnativcly, use a microtitcr place washer for 
the wash steps. 
Md 100 #, of Substrate [O each well, beginning 
with the Negative Control (C) and calibrators (~1 
to 01, then the samples (Sl to s8). 
Cover the wells with new tapC or Ptiafilm and 
incubate at ambient temperature for 30 minutes. 
During incubation, orbital mixing at 200 rpm is 
prefcrahlc, but not mandatory. 

WARNING;: Stop Solution b IN Hydrochloric 
add. IIand.Ie carehrtly. 

9. Add 100 pl. of Stop Solution to each well and 
mix thoroughly. The solution will turn yellow. 

NOTE: Read the plate within 30 minutes of adding 
the Stop Solution. 

INTERPRET THE RESULTS 
Spectrophotometric Measuremen) and Analysis 
I. Adjust the wavelcngtk of yout microtiter plarc 

reader lo 450 nanomclers (nm). (If it h;is dual 
wavelcngdl capability, USC 600 or 650 nm as the 
“rcfercnce” wavclenfith.) 

2. If the plate reader dw:s not auto-zero on air, 
zero it against 2Oo pt waler in a blank well, then 
Measure & record the optical density (CID) of 
each well’s conrcnts. Or, measure & record the 
OD in every well, rhen subtract the (>%I of rhe 
water blank from each of the readings. 

3. If the microtitcr play reader you are using has 
data reduction capabilities, use a scml-log cuw~ 
fit for the standard CWW. You can also calculate 
Ihe rcsulcs manually as described in the next 
ScClion, 

Calculate Lhe Results 
1. OCR you read a11 of r,hc welts, avcragc the OD 

of egch set of calibrarars and samples, snd 
calculate the o/o?+, as fc,llow~: 
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average OD of ncgativc control 
The %Bo calculation is used as a means of 
caualizinn different runs of an assay. While the 
ra’w OD readings df. negative controls, 
calibrators, and samples are likely to differ from 
run to run, the %Bo rclatioixship of calibrators 
and sampks to the Negative Control should 
remain tmy constant. 

NblE To ensure accurxte results, you should meet 
the following guidelines for the calibrators 
you run. The 96CV [coeffkient of Variation 
- (standard deviation/me& x 1001 for the 
calibrator OD va.Iues shouldn’t exceed 15%. 

.~I 

Concmtr&n (ppb) in-Waler ~0~ 
0.02 76-89 
0.05 53-70 
0.1 I 2947 

2. 

3. 

4. 

Graph the %33o of each Calibrator against its 
Chlorpyrifos concentration on a semi-log scale 
(see “Sampte Calcularion.cY). 
I.Ietermine the Chlorpyrifos concenvation of 
each sample by finding its, %Bo value and the 
corresponding concenrmion level on the graph. 
Interpolation of sample concentration is only 
valid if the %Bo of the sample falls within tbc 
range of the %BoL see by the ealibntors. If tbe 
%Bo of a sample is lower than that of the 
highest calibrator, dilute thaE sample so it falls 
on the standard curve when you run the assay 
again, then multiply by the dilution factor. 

Sqnple caJcuWbns (using chlorpyrifo!mzzhyl calibrators) 

OTE: Actual values may v’y; this data is for de -l&n puv mly. 

‘6lmdard&- 

Example (using tzuwpyamy1 czkwmmm> 

_ ....... ...!. . 

h ~I 

..i...i 
i ia; 

.i.; ii , j i :::: ~ !::I i i i :i .. _ - ..... ..... . j j .i .., i iii .f ... . .$. ........ *. .. .i.- ..i+ .ii. jiii i 1 i i ii 
’ ...... .A..... p.i .. y;; ................ .; . ..f+ ‘iii.. ....... i.. .. i .. i :: .. . t ! i: j i “t.‘. ::ij i; i 4;. 

- .......... i ... +.t ; ii; Q ii .. ..v. ;++ !!~~~~! ii ........... +.+t ...?? +. .. .._. 7.. .. t . : : ..y. . . 
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Detection of Chlorpyrifos-methyl in Grain 
(For use with the EnviroGafdrM Chlorpyrifos Plate Kit) 

Sample Extraction Procedure 
ikfore you can analyze chlorpyrifos-methyl in Stain, you must extract it from the grain using mclhanol. Extracts 
do not require filvaGon before use. Note that other solvents may ineerferc with the t.esl, and produce erroneous 
results. Extraction requires a minimum of 20 grams (g) of grain for good results, Sample size also depends on 
the equipment available and application of Lhe tcsc (silo diiibutlon studies, shipping samples, CIC.). 

You may use one of the extraction melhods below, depending on whether you use whole or ground grain, the 
time you ,ailot for sample extraction, and Lhe detection level of chlorpyrifosmethyl you require. 

Extraction Using Whole Grain 
Overnight soaking of whole grain is the simplest method and is suitable when results are not required 
immediately. Soak whole grain in 2.5 mL neat methanollgram of grain, swirl for l-2 minutes by band, allow to 
sic for 16-48 hours, swirl again then analyze. Pesticide extraction is complete tier 48 hours but is 90% complete 
after 16 hours. 
You can also extract pcsticidc with over UI% cff~ciency from whole grain by blending the grain for 1 minute 
with 2.5 mL neat methanol/g of grain using a high-speed laboratory blender approved for use with solvents. 

Extraction Using Ground Grain 
You can USC grain that has previously been ground. Alternatively, you may use a domestic coffee grinder or 
other suitable grin&r for grinding the grain. 
You can r=xtr!aa pestlcidc quZh&atively (over 90% extraction efficiency) using a high-snecd laboratory blender 
approved for use with organic solvents or a high-speed probe or blade homogenizer by blending for 1 minute in 
2.5 ml, neat methanol&am ground grain. Allow the extract to sctllc and remove a sample of rhe supernabnt 
for analysis. 

If results arc no1 required immcdiatcly, overnight soaking is the simplest method. Soak ground grain in 2.5 mL 
neat m&anol/gram of ground grain, swirl for 1 - 2 minu[cs by hand, allow lo sit for 16 to 48 hours, swirl again, 
then analyze the supernatanr. 

Prepare Working Diluent Buffer 
Add the cnlirt containct of SX Grain Diluent to 120 mL of purified waler. Mix thoroughly and store al 4OC when 
not in use. ‘Ws is used LO diIute calibrators and samples in the steps following. 

Preparation of Calibrators 
1. Prepare calibralors equivalent to 0 ppm, 0.5 ppm, 2.5 bpm and 7.5 ppm in grain hy diluting the 1 ppm 

Chlorpyrifos-mclhyl Stock Solution as follows’: 

&&&x level . mL 1 m 
7.5 ppm 0.3 ml, 9.7 ml, 

llsc this 7.5 ppm calibrator to prepare rhcse additional calibrators: 

tar level 
0.5 ppm 
2.5 ppn 

ml. 
0.67 mL 
3.33 rnL 

flL methanol 
9.33 mL 
6,67 mL 
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‘fhc negative control is neat methanol. 

2. Dilute the negative conlrol and calibrators by adding 10 j&L of negative control or caIibrator to 1 mL Working 
Diluent Buffer. Mix thdroughly and USC within one hour. 

Preparation Of ScUi&les 

1. Dilute your samples by adding 10 ~I,L of extract IO 1 mL of methanol. 

2. Further dilute your samples by adding 10 fi of the sample mahanoi solurion from the above step to 1 m1, of 
Working Diluent Buffer. Mix thoroughly and use within one hour. 

Assay Pmcedufe 

CIntinuc with thy “Assay Procedure for the Detraction of Ch1ovflfo.s in Watec (p- 3). 
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I. Determination of Recoverv of ChIomvrifos and Diazinon from Water 

1. PEDaration of Recoverv Samoles 

a. Pipet 100.0~mL portions of the control water sample into a series of 4-02 bottles, 

b. For preparing fortified samples, use some of the samples as controls and fort@ the 
remaining samples by adding lOO-pL aliquots of the appropriate spiking solutions 
(prepared in acetone) to obtain concentrations ranging from 0.010 to 1.00 ng/mL. A 
reagent blank, containing no sample, should be carried through the method with the 
samples. 

c. Add 10 g of sodium chloride and 10 mL of hexane to the sample bottle, cap the 
bottle with a PEE-Iined cap, and shake the sample for 20 minutes on a 
reciprocating shaker at approximately 180 excursions/minute. 

d. Centrifuge the sample bottle for 5 minutes at 2100 rpm. 

e. Transfer the hexane (top) layer into a clean 40-mL vial. (In transferring the hexane 
layer, it is important not to remove any water from the lower layer.) 

f. Add an additional 10 mL of hexanc to the sample bottle. Cap the bottle with a 
’ FYFEMined cap, and shake the sample for 20 minutes on a reciprocating shaker at 

approximately 180 excursions/minute. 

g. Centrifuge the sample bottle for 5 minutes at 2100 rpm. 

h. Combine the hexane layer from Step I. 1 .g. with the hexane extract from Step I. 1.e. 
(In transferring the hexane layer, it is important not to remove any water from the 
lower layer.) 

i. Add 1 .O n-L of the internal standard solution (100 ng/mL butathiofos in hexane) to 
the sample vial. 

j. Concentrate the solution from Step I. 1 .i. to less than 4 mL (but not to dryness) using 
an N-Evap evaporator. (Note L.2.) 

k. Transfer the hexane from Step I. 1.j. to a clean 4-rnL vial. 

1. Rinse the 4O-mL vial with 1 mL of hexane and transfer the rinse to the 4-mL vial. 

m. Concentrate the solution from Step I. 1 .l. to less than 0.5 mL (but not to dryness) 
using an N-Evap evaporator set at a water bath temperature of 40 “C and a nitrogen 
flow rate of approximately 200 mL/min. 
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n. Adjust the volume in the sample vial to 0.5 m .L with hexane and fully seal with a 
PTFE-lined cap. Vortex the sample for 5-10 seconds, and then sonicate the sample 
for 5- 10 seconds. 

o. Transfer the sample to a 2-mL autosampler vial containing a lim ited-volume insert 
and seal the vial with a cap. 

p. Analyze the calibration standards from  Section G.1.f. and samples by capillary gas 
chromatography/mass spectrometry as described in Section H.2. Determine the 
suitability of the chromatographic system using the following performance criteria: 

(1) Standard curve linearity: Determine that the correlation coefficient equals or 
exceeds 0.995 for the least squares equation which describes the detector 
response as a function of standard curve concentration. 
used, the power exponent should be between 0.90- 1.10. 

If power regression is 

(2) Peak resolution: Visually determ ine that sufficient resolution has been 
achieved for the analytes and internal standard relative to background 
interferences. 

(3) Appearance of chromatograms: Visually determ ine that the chromatograms 
resemble those shown in Figures 8-13 with respect to peak response, baseline 
noise, and background interference. Visually determ ine that a m inimum signal- 
to-noise ratio of IO:1 has been attained for each analyte in the 5.0-ng/mL 
calibration standard (equivalent to 0.025 ng/mL in water samples). 

@loo2 
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H. Gas Chrs Snectrorn&y 

Install the splitless column inlet sleeve and capillary column in the split/split.less 
injection port of the GUMSD following the manufacturer’s recommended procedures, 

2. s Conditions 

Instrumentation: Hewlett-Packard Model 5890A gas chromatograph 
Hewlett-Packard Model 7673 automatic injector 
Hewlett-Packard Model 5972A mass selective detector 
Hewlett-Packard Model G1034C data system so&ware 

Column: J Bt W Scientific fused silica capillary 
Durabond- 17 liquid phase 
10 m  x 0.18 mm i.d. 
0.3~pm film  thickness 

Temperatures: 

Column 70 “C for 1.0 m in 
70 “C to 220 “C at 10 “C/min 
220 OC to 280 OC at 20 oCXnin 
280 “C for 1.0 m in 

Injector 
Interface 

260 “C 
280 “C 

C%rier Gas: helium  

HeadPressure 
Linear Velocity 

35 kPa 
approximately 45 cm/s 
(vacuum compensation ‘On’) 

Injection Made: splitless 

Purge Delay 
splitter mow 
Septum Purge 

0.9 m in 
50 llLhin 
1.0 mUmin 

Injection Volume: 3& 
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Detector: electron impact selected ion monitoring 

Calibration Program maximum sensitivity autotune; usertune 
Electron Multiplier 2000 volts (- 50 volts below autotune) 

Ions Monitored: 

Chlorpyrifos m/z 3 14 (quantitation) 
m/z 3 16 (confirmation) 

Diazinon m/z 304 (quantitation) 
m/t 276 (confirmation) 

Butatbiofos n& 289 (internal standard) 

Dwell Time: 75 ms 

Mass spectra of chlorpyrifos, diazinon, and butathiofos are shown in Figures 3-5. 

3. Calibration Ctnv~ 

Typical calibration curves for the determination of chlorpyrifos and diazinon are shown 
in Figures 67. 

4. MicaI Chrornatoerasns 

Typical chromatograms of a standard, control sample, and a 0.025-ng/mL recovery 
sample for the determination of chlorpyrifos and diazinon in water are illustrated in 
Figures 8- 13, respectively. 

@loo4 
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Table !Xx. i 
Typical Standrtdizrtion Data for Organophaephocauc Standkcdrl 

PEAK HEIGHTS (integration even+] 

stsndhrdr (ng) Diazinon I Diatoron CGA-14128; 

0.010 
0,020 ' 
0,050 
0,100 
0.200 

2992 2331 
4853 

1466 
3789 2526 

15338 11734 6570 I 

'30566 fE3 13721 54849 23679 I 
! 

Correlation 
CObff lclentt 
Intercept (events): 
Slope (.vPnto/rlg)r 

0.9975 0.9991 0.9 
713 

66 
430 1, 

276403 207912 1183:; I 
I 

I OS-1701 column with FPD detector (6ee Table I for eondjtions) 

, 

-- 
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Figure -1 
CHBHXAL srRucTurrBs 

1) Di~inon (G-24480), O,O-diethyl-P-(Z-isopropyl-6-methyl- 
4-pytimidinyl) photpiia;othioete 

2) WA-14128, O,Ocdlrthyl-O_-(2-[2-hydro*y-2-~~o~=~~~l]-6-aethyi- 
4-pytimidinyl~phospharothioate i 

1 
CH3 

i 

i 
I 

3) OimoKon tC-245i’6)., O,O-dirthyl-g-(2-ioopropyl-6-nrrhyll 
I-pyrfmidlnyl) phocpKo:rte 

t 4 
i 
I I 
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T8bla I. 
Oar Chromatography Condltionr 

InrttUment8: Howlott-Packard Modolr 5880 8nd'S890 
1 

DBl701-FPD DEl70l=N/P 

Coluan binonrionr: 301~ x 0.32mm 
kiln Thicknerr; 0.2s.J# 

;Oy 0.32~ 2mm 
. c 

C8Cri.r G88: 
1 

Ha He He 
1 

Carrier G8r (nl/min): 4.0 4.0 40 ' 

tnitirl Column ~enp~PC1: 60' 60' I 172.i 

Y 

nporatute Program (*Cl: 60’, 1 min g8 1 nin 
60. - 19S', - 195.r 

i8+81= 

30°/min 30@/min i 
i 

Injwior r8rp.('c): 200. 200' 180. j 

Dotactor Tmp.(*C): 200' 271;' i too./ 

Heliun (r8keUp) flow: 36 nl/nin 26 ml/nin 
tiydto on 

f 
flow: 75 rl/min 4 ml&in 75 i 

f out 100 ml/mtn 
Z /rin 

AIC 113 rl/rrfn, 100 l/ah 

08t8CtOr 88MftiVity: T8bl8 VIfX Tablr VIII 1 Tab1 VIII 

Injuction Voluro: 2 #la 
I 

2 ul' s rl 

Typical lhtatian (rinls 
I 

Pirrinan: 9.1 . 9 
Oirtoxonr 

CGA-14128: 1::: :s 
1 

0.91i 
1.36 I 
2.27 1 

i 
Attonurtion: 2' 2' 2a f 

I 
J Tarp. adjusted for chlorpyrifO8 to give 2.5 nin ret. tl{e 
1 splitlerr injection (1 min. purge tire dolay) 1 

I 
I 
i 
I 
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Table xx. 1 
Ga6 Chromatography/flues Spectroaatry Canditione * 

(Confirmation of Diazinon R8si’duer) I I 

lnstrumant8r 
Oar Chromtogr&ph$ 
Hroo Selactivo Detector: 

I 
Hewlett-Packard Model 5890 
Hewlett-Packard node1 5970 I 

Column; 
Coluliur Dtmonrions: 
Fila Thfcknorat 

081701 . 
30# x 0.321~1 
0.25 CI 

Carrirr Gart 
Carrfer Qar (ml/min): 

He 

.Initidal CoIuran Temp.(*CI': 
4.0 
60. 

Toaperature Program ( *C) : 
6”;:’ 1 win 

- 19Sb, 
30Wain 

Xnjsctor Temp.(*C)t 
Trhnrfrr Teap.t*c)r 

250. 

Sourco Temp.('C): 
260. 
300' 

I~jrcrion Volume: 
(Iranu11, rpiitlers): 

2 vl 
1 minute ‘purge tlnr dolay 

Typical Rlt8ntion (ain) : 
‘Df8zinon: 9.4 

Elrctron Xultiplier Voltage: zooov 

Recomm8ndod 811tu for 
Selected Xon fbnitoring’: ISq, 179, 304. 

.I 
i 
I 

I 
) 
! 
L 
i 
i 
, 
I 
i 

1 100 ms&c dwell time (See Figure 50 for typical mass spa trun) b 

I I 
I 

b&mn-wL~ua h~vrrvuAa-ruu , 
GnlBN880R0, NC 27419 i 

DETtRUINATION OP DIAZINON, DIAZOXON., AND CGA-14128 RESID 
I 

CROlJS, CROP ?‘RACTIONS AND ANI)IAL TISSUES USlUG GA6 CHROl'lA 

ANALYTICAL METHOD NUHBER AG-350A i P#ge 19 of 78 I 



Appendix F: Tabulated Influent, Residential, Commercial, and POTW Results 



Table Fl: Recovery-adjusted and Raw (in parenthesis) Daily Diazinon and Chlorpyrifos Concentrations in 

CCCSD Influent Samples 

Date Sampled I Diazinon (ng/L) Chlorpyrifos (ng/L) 

6122196 940(610) 150 (100) 

6/25/96 103 (79) llO(71) 

6129196 350(340) 160(120) 

712196 320(310) 160(120) 

719196 380(260) 170 (110) 

7/l 0196 230(160) lZO(78) 

7/11/96 300(220) 160(98) 

7112196 480(350) 160(98) 

7113196 290(210) 160 (100) 

7114196 320(240) 200(120) 

7llY96 3 10 (230) 200(120) 

7116196 150 (110) 160 (96) 

7120196 270(210) 130(73) 

7123196 240(190) 200( 110) 

7127196 690(450) 330(200) 

7130196 300(240) 160(110) 

814196 280 (180) 200(120) 

815196 190(120) 230(120) 

816196 750(470) 210 (110) 

817196 530(330) 180 (94) 

818196 130(130) 210(200) 

819196 lSO(160) 190(180) 

8/l 0196 180(190) 140(130) 

8/l l/96 210(220) 190(180) 

8113196 150 (110) 190 (130) 

8117196 310(330) 240(210) 

8120196 170(180) lSO(130) 

8127196 270(330) 98(95) 

813 1196 290(190) 210(120) 

9/l/96 640(420) 190(110) 

912196 340(220) 600(340) 

913196 230(150) 250(140) 

914196 lSO(120) 280(160) 

915196 140(93) 190(110) 

916196 150 (100) 130 (76) 

917196 400(260) 220(130) 

9/l 0196 400 (2601 ~Ilim 



Table F2: Recovery-adjusted Residential Diazinon and Chlorpyrifos Concentrations (q/L) and Treated Data 

(with the robust probability plotting method fill-in values for results reported as none-detected) 

120 

180 

1200 

49 

490 

59 

150 

86 

91 

110 

120 

65 

22 

91 

22 

120 

54 

39 

120 

160 

30 

44 

35 

150 

190 

320 

120 

120 

ROS 73 ND 98 12 



Table F3: Recovery-adjusted and Raw (in parenthesis) Daily Concentrations of Diazinon and Chlorpyrifos in 

Commercial Samples 

Site Number Date Sampled I Diazinon (ng/L) Chlorpyrifos (ng/L) 

CO6 818196 <48(<50) 1400 (1300) 

CO6 819196 <48(<50) 1300 (1200) 

co7 7118196 370(280) 1400 (770) 

co7 7119196 <65(<50) 1200(680) 

co7 7120196 84(64) 720(400) 

CO8 915196 350(230) 3fj000(22000) 

CO8 916196 350(230) 5500(3200) 

CO8 918196 76(50) 12000(6800) 

co9 811196 <78(<50) <81 (<50) 

co9 812196 <78(<50) <81 (<50) 

co9 813196 <78(<50) <81 (<50) 

Cl0 8122196 1000 (1100) <56(<50) 

Cll” 6120196 13000 (8700) 3400(2300) 

Cl1 7125196 14000(8900) 3600(2200) 

Cl1 7126196 13000 (8700) 960(580) 

Cl1 7127196 20000( 13000) 1000 (620) 

C12" 6120196 <77(<50) <74(<50) 

Cl2 8115196 73 (79) <57(<50) 

Cl2 8116196 <46(<50) <57(<50) 

Cl2 8117196 <46(<50) <57(<50) 

Cl3 8114196 130 (94) 91 (62) 

Cl4 8126196 <46(<50) 61 (54) 

Cl4 8127196 <41 (<50) <52(<50) 

Cl4 8128196 760(920) 950(920) 

Cl5 7129196 <63(<50) 300 (210) 

Cl5 7130196 <63(<50) 80(56) 

Cl5 713 l/96 <63 (<50) 230( 160) 

Cl6 7123196 1100 (910) 350(200) 

Cl6 7124196 630 (410) 310 (190) 

Cl7 8119196 93 (100) 920 (810) 

Cl7 8120196 <46(<50) 650(570) 

Cl7 8122196 54(59) 200 (180) 
* Grab sample not associated with flow measurements. 



Table F4: Recovery-adjusted and Raw (in parenthesis) Daily Diazinon and Chlorpyrifos Concentrations in 

Influent Samples of CCCSD, USD, and RWQCP. 

Diazinon (ng/L) Chlorpyrifos (ng/L) 

Date CCCSD USD RWQCP RWQCP CCCSD USD RWQCP RWQCP 

Sampled (recycle) (recycle) 

815196 190 (120) 180(110) 190(120)" 1100 (670) 230(120) 290(150) 150(77*) 230(120) 

816196 750(470) 530(330) lSO(91) <79 210 (110) 290(150) 120(60) <97 

817196 530(330) lSO(93) 240(150) <79 180(94) 330(170) 130(65) <97 

818196 130(130) 91(95) 120(120) <48 210(200) 130(120) 83 (79) <52 

819196 lSO(160) 200(210) 66(69) <48 190(180) lSO(170) <52 <52 

8llOl96 180(190) 170(180) 150 (110) <69 140(130) 160(150) llO(74) c73 

8/l 1196 210(220) 350(360) 110 (82) <69 190(180) 210(200) 130(90) <73 

* Values omitted f’rom calculations since contamination from recycle flow was suspected. 


